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PREFACE TO THE FIFTH EDITION 

During the few years which have elapsed since the fourth edition of 
this work was published, great strides have been made in the industry 
of oils and fats. By laying under contribution the latest discoveries 
of pure science and ti'anslating them effectively into practice, a leap 
has been made in advance of all the limitations which, up till recently, 
science, and apparently even nature itself, had drawn. 

Wliereas a decade or two ago chemical analysis pointed out the 
Wj|y to technical development, and purely scientific discoveries appeared 
to have comparatively little influence on the progress of our industries, 
the order is now reversed. In its influence on the advance of the oils 
and fats industries pure science has stepped ahead, and it is now the 
turn of analytical chemistry to follow in the wake of progress and to 
detect in the finished atticle the achievements of technical work. 

There have not, therefore, been wanting voices declaring that the 
analytical armoury of recent years has become obsolete and that fat 
analysis has to begin afresh. I do not share this opinion. Just as 
little as the discovery of radium and the latest researches on the con- 
stitution of the chemical elements have been able to render superfluous 
the methods of mineral analysis, so little will the present analytical 
edifice of the oil and fat industries be consigned to the limbo of things 
that were. 

The forwaiTl strides which technical effort has made will only con- 
tribute to quicken the pace of the discoverer of new analytical methods 
and lead to a deepening of the fonndations of the analytical processes 
already available. Tims a timely warning has been raised against . 
the danger which threatened fat analysis at the hands of those who, 
by thoughtless application of very valuable methods, unwittingly 
degraded fat analysis to a hollow formalism. , 
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In view of the state of transition through which fat analysis is 
passing at present, I would have preferred td allow some litde time to 
elapse before a new edition was published, but as the last edition is 
completely exhausted, the appearance of the present work could not be 
delayed. 

In the present volume no more than an attempt could therefore 
be made to show where analytical processes will have to step in to 
assist the analyst in unravelling the mysteries which the technical 
chemist is now able to present to him. Some methods which are 
being worked out at present in my laboratory have been given in a 
tentative fashion only, as they are still being subjected to crucial tests. 

The amount of labour involved in the production of the present 
edition has been so great, ♦hat it was found impossible to publish the 
work as a whole, as was done before. The present volume, as in the 
last edition, deals with the chemistry and the analysis of oils, fats, and 
waxes. Although every endeavour has been made to compress the 
subject-matter and eliminate what has become antiquated, . it has been 
impossible to avoid a very considerable iiicrease in the bulk of this 
volume. 

In order to facilitate the rapid appearance of the work no index 
has been added ; this is replaced, to some extent, by a very compre- 
hensive list of contents, which may suffice until the third volume 
supplies a full index to the whole work. The subject-matter of Volume 
11. being already in the press, no avoidable delay will occur in the 
appearance of the second and third volumes. 

J. LEWKOWITSCH. 


71 Pkiory Road, 
London, N.'VV., July 1913. 



PEEFACE TO THE FOUKTH EDITlOlf 


The rapid exhaustion of the third edition of this work and the 
favourable reception which has been accorded to the German and 
French editions on the Continent have ^encouraged me to widen 
the scope of the technological sections of this treatise. This has 
necessitated the complete rewriting of the work and its division 
into three volumes. 

The arrangement of the subject-matter in Volume 1. has not 
undergone radical changes, and it need only be said that all new 
investigations, some of which were carried out in my own laboratory, 
have been fully incorporated with, and critically interwoven in, the 
old text. The fact that the same material had to be presented in the 
German and French languages has, I trust, contributed in some 
degree to the elimination of ambiguities in the diction. It has also 
enabled me to present the subject-matter in a more lucid manner 
and to rearrange it in strictly logical sequence. More attention than 
in previous editions has been paid to the historical development of 
analytical processes. This led to the correction of many wrong, 
although currently accepted, statements. 

The monographs which form the bulk of the second volume have 
been greatly expanded on the basis of practical experience gained 
by me in the course of recent visits to the most important establish- 
ments in the United States of America and on the Continent, 
cfspecially in the south of Europe. An endeavour has been made 
to summarise the modifications of the several processes adopted in 
different establishments, and to present, as it were, an ideal sequence 
of manufacturing operations, combining the most advantageous 
features of working. To illustrate wherever possible the cpmmercial 
importance of the oils, fats, and waxes, statistical data, drawn froqi 
the most reliable sources, have been added. The analytical portions 
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attached to each of the monographs have been fully brought up to 
date, and have been amplified by^ a large amount of original investi- 
gations of a technological character carried out during the last few 
years in my laboratory (as a reference to the sections on “ Olive 
Oil,” “'Cod Liver Oil,” “ Lard,” “ Butter Fat,” “ Beeswax,” and others 
will show). In order to render this second volume more useful, an 
index of botanical and zoological names has been aflSxed. 

The additions to the third volume are proportionately the greatest. 
This is caused not only by the introduction of some new sections 
(such as “ Emulsified Oils,” “ Fatty Acid Industry,” “ Technology of 
Waxes ”) but also by the allocation of much more space to the 
description of manufacturing operations. The new manufacturing 
processes which have been introduced lately have been fully recorded. 
The endeavour to be as concise as possible has led to the relegation 
of less striking progress to the footnotes, which give a complete 
reference to the patent literature of the last decades. 

Whilst every care has been taken to render the work as free 
from errors as possible, it would be almost too much to hope that 
none have crept in. I should therefore be grateful to my colleagues 
if they would assist me by pointing out to me any errors they should 
happen to find. 

J. LEWKOWITSCIL 


71 Priory Road, 

London, N.W. 



PEEFACE TO THE THIED EDITION 

The present work is nominally the third edition of my “ Chemical 
Aiialysis of Oils, Fats, a7id Waxes a^id the Commercial Products derived 
therefrom’’ Practically it is a new work, for not only has the last 
edition been entirely rewritten, but it has also been expanded into a 
chemical technology of the subject. This extension of its scope will 
justify the change of title. 

The analytical portion, which in the previous editions constituted 
the most prominent feature of the work, now forms the main portion 
of the first volume of this book, whilst the technology of the subject 
has been relegated to the second volume. 

The first three chapters of Volume I. form a general introduction 
to both the analytical and technical portions of the work. Whilst I 
have given the amplest consideration to the scientific principles 
underlying the analytical and technical operations, I have kept 
prominently in the foreground the practical purposes which this 
work is intended to serve. Very frequent references have therefore 
been made in these chapters to the analytical methods and technical 
processes which form the main subjects of the present work. This 
especially holds good of the second chapter treating of the theoretical 
side of the hydrolysis (or saponification) of oils and fats, and also of 
that portion of the third chapter which deals with the hydrolysis of 
soarp. I hope that the new form in which the matter is presented 
may serve as an outline of the theory underlying the large industries 
described in Volume 11. 

The great impetus which analytical investigations have given to 
the development of this branch of chemical technology rendered it 
necessary to devote ample space to the analysis of oils and fats. 
Hence the technical methods of preparing the. raw material which' is 
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subjected to chemical analysis in the laboratory have been transferred 
to the second volume. 

The chapters which in the former editions of this work dealt with 
the analysis have been entirely recast, and rearranged in such a 
manner as to provide all the information required by the analyst 
and by the technical chemist in a synoptical form. With this object 
in view I. have presented all recorded numbers and observations 
as far as possible in tabular arrangement. The division of the 
most important numerical values into “ constatits ” ^ and “ variables,” 
outlined in my Laboratory Comj)anion, has been strictly carried through 
in this work, as I consider that only the constants furnish values 
which are characteristic of the nature of an oil or fat, whereas the 
variables are merely determinants of their quality. I have further 
endeavoured so to arrange the analytical portion as to set before the 
reader a syst^atic course of analytical examination, the several 
methods being described in logical sequence. For the sake of con- 
venience I have briefly recapitulated this systematic course in 
Chapter XL, illustrating it by means of a few examples. 

It need hardly be pointed out that all the new analytical matter 
which has accumulated since the publication of the last edition has 
been embodied in the work. Obsolete methods and obviously un- 
reliable processes have been omitted, my object being to offer, as far 
as I am able, to the analyst and technical chemist guidance and 
assistance such as the reader looks for in a work of this kind. 
The ideal course of presenting one analytical process only is not yet 
feasible. Therefore, I have ventured to criticise somewhat freely 
when several processes had to be described, and to point out certain 
defects. Wherever possible I have added to my critical remarks 
suggestions for improvement. I feel that the weight of some practical 
experience attaches to such criticism as I offer, for the great majority 
of the methods described here have been tested repeatedly by myself 
and a number of younger colleagues in my laboratory during the last 
twenty years. 

In the last chapter of the first volume I have collated a numbeF of 
methods and suggestions which up till now bear a strictly scientific 
character, but may in the future be worked out into useful analytical 
processes. 

^ In the present edition the term “ constants ” has been replaced by “ characteristics. ” 
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The second- volume is specially devoted to the technology of oils 
and fats. A detailed description of each individual raw material 
has been given in Chapter XIV. I have summarised the knowledge 
we possess at present of each individual oil, fat, and wax, describing 
its occurrence, mode of preparation, mode of purification, chemical 
composition, examination and detection of adulterants, and pointing 
out its technical uses. Thus this chapter furnishes, in a concise 
form, a series of monographs of all known oils, fats, aiid waxes. 

The manufacturing processes practised in the oil and fat industries 
have been enumerated in systematic order in the last two chapters. 
Chief stress has been laid on the exposition of the principles on 
which the individual industries are based. Wherever it appeared 
necessary I have added illustrations of apparatus. Most of these 
have been engraved especially for this edition, and those that 
are not new have been mostly re-drawn. The professes described 
are those whicli I know from my own experience to be in practical 
use at the present day. Antiquated processes have only been touched 
upon in the briefest manner, when their description was deemed 
necessary for the proper understanding of more modern metliods. 
The patent literature has, therefore, only been referred to in so far as 
it furnishes information of practical importance or contains sugges- 
tions for industrial application. It is, of course, impossible to teach 
the art of successful manufacture, for this must be learnt in the 
school of experience. In this section of tlie work the scope for 
criticism naturally became restricted. The reasons for this are 
obvious. Moreover, the difficulty of judging is enhanced by the fact 
that a manufacturing process, which is carried out with advantage in 
one factory, proves not infrequently a failure in another. 

Throughout the two volumes of the work there will be found 
interspersed a considerable number of original notes which I liave 
not publislied hitherto. 

• In order to increase the utility of the book I have given 
numerous cross-references in its pages, and have added a somewhat 
comprehensive index of subject-matter. 

J. LEWKOWITSCH. 


71 Priory Road, 

London, N.W. 
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CHAPTER I 


CLASSIFICATION OF OILS, FATS, AND WAXES — PHYSICAL 
AND CHEMICAL PROPERTIES OF OILS, FATS, AND WAXES 

The fatty oils (liquid fats), solid fats, and waxes which are the subject 
of this treatise are found ready formed in vegetable and animal organ- 
isms, from those consisting of a single cell only up to the most highly 
organised plants and animals. The discussion of the theories put 
forward to explain the “ biochemical ” synthesis of oils, fats, and waxes 
in plants and animals lies beyond the scope of this work, and the reader 
must be referred to text-books on physiology for further information, all 
the more so as the opinions of physiologists differ. It may, however, be 
pointed out that it appears to be certain that oils and fats and also 
waxes are formed from carbohydrates. Luca is of the opinion (which 
is not shared by other physiologists) that in the olive fruit mannitol is 
transformed into oil,^ and Muntz showed that glucose, saccharose, and 
starch seem to play in rape seed, poppy seed, and linseed, the same part 
which mannitol plays in the olive. In the animal organism also fat is 
formed from the carbohydrates ingested with the food. If the fats are 
synthesised in the organism by means of enzymes, from fatty acids ^ 
and from glycerol,^ it would follow that both must be first formed 
individually. In the case of fats which are ingested with the food in 
large amounts, the fats are stored as such in the body tissues to serve 
as a rc^rve in case of need. If such fats are taken in smaller quantities 
they may, like carbohydrates, be oxidised to carbon dioxide and water. 

^ Acconliug to Scurti and Tominasi, Ann. Rcalc Stazione Chim.-Agrnr. Sperim. di 
Roma, 1910 (4), 26S, an ethereal extract of yomig, unripe olive fruits consists almost 
completely of an alcohol — “oleanol,” 031115003 (the presence of which in the leaves of 
the olive tree has been proved by Oanzoneri, as also by Power and Tntin), which is 
converted into oleic acid. Hence, the formation of glycerides in the mesocarp of the 
olit^e fruit would appear to take place on lines differing from the formation of oils and 
fats in oleaginous seeds. Similarly the .alcohol “ligustrol” (in Ligustrum vutgare) 
•‘is stated to be converted into erucic acid (cp. Scurti and Kornaini, Ann. Reale Stazione 
Ckim.-Agrar. Sperim. di Roma, 1911 ( 6 ), 103 ; 223 ; 1913 ( 6 ), 29 ; 39). 

® With regard to the formation of saturated fatty acids from “phytol" (from 
chlorophyll) cp. Willstadtcr, Chevi. Zeit., 1911, 1342. 

* According to G. Embden, E. Schmitz, and K. Baldes, Jiiochem, Zeit., 1912 (45), 
174, glucose leads in the first instance to an optically active glyceraldchyde, which is to 
some extent converted into glycerol, and thus constitutes the main source for the 
formation of glycerol in the animal organism.. This theory would assume that fat in the 
animal organisms is formed from its elements as it were, and not, as some investigators 
assume, that all the fat is supplied in the food. 
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2 CLASSIFICATION OF OILS, FATS, AND WAXES chap. 

It is quite admissible in the present state of our knowledge, to assume 
that the fats deposited in the body tissues are hydrolised in the process 
of digestion and are then transported separately in the form of fatty 
acids and glycerol through the membranes, to be synthesised again to 
fats. If this view be correct, then the problem of the formation of fats 
and oils is only shifted but not solved. 

To the analytical and technical chemist the study of the influence 
which soil, climate, etc., have on the composition of the individual 
vegetable oils and fats is, however, of considerable importance ; in 
addition to these factors, the influence which the food, race, and age of 
the animal have on the composition of the animal oils and fats must be 
considered. These factors will be discussed in Vol. 11. in the intro- 
duction to the section “ Animal Fats,” as also under the headings of the 
individual fats described there. In the organisms there occur a number 
of enzymes (diastase, lipase, etc.) which probably effect the synthesis 
of oils and fats by a series of reactions which follow somewhat rapidly 
one upon another. Hitherto very Kttle is known with regard to these 
changes ; they appear all the more complicated as enzymic reactions 
seem to be reversible ones,^ and synthesis and hydrolysis appear to take 
place simultaneously or to follow each other, especially in the higher 
animal organisms, in a kind of rhythmic succession (cp. Chap. II.). In 
the present treatise the synthesis of fats by means of “ ferments ” is of 
much less importance than their hydrolysis by enzymatic processes, as 
only these have acquired technical importance. The hydrolysis based 
on enzymatic processes will be dealt with from the theoretical point of 
view in Chap. II. of this volume, and from the technical point of view in 
Vol. III. Chap. XV. 

The vegetable waxes occur as exudations on the leaves, stems, and 
fibres of plants. It is unknown how their formation takes place. The 
liquid waxes appear to be formed much in the same manner as the 
marine animal oils, and their chemical composition is influenced by the 
same factors which produce variations in the composition of animal oils 
and fats derived from different individuals of one and the same species. 
As regards its formation, spermaceti would seem to owe its origin to 
similar physiological causes. 

The insect waxes constitute mostly exudation products. In support 
of the view that they are formed from carbohydrates may be adduced 
the fact that beeswax is produced in much larger quantities than usual 
by the bees, if they are fed on dextrose, laevulose, and also cane-sugar. 

Under the term oils, fats, and waxes (liquid and solid) are compris’ed 
in this work all those naturally formed substances which consist mostly 
of glycyl-, or other esters of the higher members of the several series of 
fatty (aliphatic) acids, with which in some cases notable amounts of the 
free fatty acids and the free alcohols themselves are admixed. 

In the present state of our knowledge, a strictly systematic classi- 

* Cp. A. S. Loevenhart, Atner. Journ. of Physiol. ^ 1902, 331, and below, Chap. II. 
Vol. 1. Cp. also Lewkowitseh, “Les Corps gras (Industrie et Analyse) Conference,” 
Soci^U chimique de France^ 1909, xviii. 
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fication of oils, fats, and waxes is not possible. In older text-books, 
various attempts have been made to establish several classes or groups, 
differing chiefly by some physical properties. Thus the consistence (see 
Chap. V.) has been made the basis of a classification into oils, butters, 
and solid fats, but such a principle of classification is inadmissible, as 
the consistence depends on the mean annual temperature ; thus cocoa 
nut oil is a solid fat in a temperate climate, whereas, in its place of 
origin, it is of an oily consistence, as its name implies. It would be easy 
to multiply examples of this kind. Again, some authors have en- 
deavoured to differentiate the fats into several groups on the strength 
of some prominent chemical property -of the fatty oils, such as their 
drying power ; but here also the old adage “ natura non facit saltus ” 
proves too strong for an artificial classification, inasmuch as there exist 
a number of fatty oils, occupying an intermediate position, so that they 
might be classed under two or more heads. 

A classification of the vegetable oils and fats based on the plant 
families from which they are derived must be entirely out of the 
question. It is true, the oils derived from Cruciferm and Rosacew are 
nearly related to each other ; but on the other hand, the Eupkorbiacece 
yield fatty products of such different characters as croton oil, castor 
oil, tung oil, curcas oil, and vegetable tallow ; and the Sterculiacew 
contain such widely different fats as sterculia oil and cacao butter. 
The fact that the African palm tree yields in its fruit flesh and in the 
fruit kernel two entirely different fats, viz. palm oil and palm kernel oil 
(cp. also “ Aouara Oil,” Vol. II. Chap. XIV.), would seem to render 
hopeless any attempt to introduce a classification of this kind. The 
same would hold good of a similar classification of animal oils and fats. 
To give only one illustration, in the case of mammals the body fat is 
entirely different from the milk fat of the same animal. 

A rational classification must be founded on distinct physical, as well 
as chemical properties. Therefore, the attempt is made in this treatise 
to base the classification, as far as possible, on such physical and chemical 
differences as . can be readily ascertained by means of analytical 
operations. 

Such distinct chemical differences can be established between oils 
and fats on the one hand, and waxes on the other. 

Considered chemically, oils (fatty oils) and fats (solid fats) are the 
neutral glycerides of fatty acids, whereas waxes are esters formed by 
the union of fatty acids with alcohols not belonging to the glycerol 
serjes. It should be noted, however, that this chemical difference does 
not always find a ready expression in common parlance. Thus, e.g. 
Japan wax consists chiefly of glycerides, and would more properly be 
tei'med Japan tallow. On the other hand, sperm oil must be classed, 
according to its chemical constitution, amongst the waxes. (It is 
desirable that the old misleading terms should be gradually deleted 
from chemical treatises.) 

The term wax is frequently used as a generic name for a number 
of solid hydrocarbons, i.e, mineral waxes. Since a full description of 
these does not fall within the purview of this work, they will only be 
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referred to in connection with the analysis of the fatty products with 
which they may be admixed (as in the manufacture of certain candles, 
polishes, and similar products). 

The most convenient classification of fatty oils and fats for practical 
purposes, appears to be given by arranging them according to the 
magnitude of the iodine value. This principle leads, without undue 
forcing, to a natural subdivision into liquid fats — oils — and solid fats — 
fats — the former being differentiated from the latter by their con- 
siderably higher iodine values. An arrangement based on the magnitude 
of the iodine value would include the older system of classification 
according to “ consistence.” Inasmuch as the magnitude of the iodine 
value stands in close relationship to the absorption of oxygen, which in 
the case of vegetable oils corresponds to their drying power, a classifica- 
tion on the basis of the iodine value would also include the older sub- 
division into drying and non-drying oils. For these reasons the iodine 
value has been made one of the chief determinants in the order of 
enumeration of the natural products dealt with in Vol. II. of this work, 
and physiological relationship has only been used to a limited extent for 
grouping together, in subsections, such individuals as seem to possess 
a uniting bond in that physiological relationship. 

Recent researches have established the fact that all vegetable fatty 
oils and fats are characterised by the occurrence of a phytosterol 
(sitosterol and its congeners), whereas all fatty oils and fats of animal 
origin contain a zoosterol (true cholesterol and its congeners) as the 
corresponding alcohol. This important distinction naturally leads to a 
second guiding principle in the subdivision of the glycerides. 

Arranging, then, the fatty oils and solid fats according to these two 
principles, we obtain the following subdivision : — 

I. Liquid Fats ok Fatty Oils 
A. Vegetable oils. B. Animal oils. 

1. Drying oils. 1. Marine animal oils. 

2. Semi-drying oils. {a) Fish oils. 

3. Non-drying oils. [h] Liver oils. 

(c) Blubber oils. 

2. Terrestrial animal oils. 

11. Solid Fats 

A. Vegetable fats.^ B. Animal fats. 

1. Body fats. 

[а) Drying fats. 

(б) Semi-drying fats. . 

(c) Non-drying fats.^ 

2. Milk fats. 

In the classification of waxes we can, in our present state of knowledge, 
adopt the iodine value only as a basis for subdivision, as it is not yet 

^ For further subdivision cp. Vol. II. “Vegetable Fats.” 

2 For further subdivision cp. Vol. II. ‘ ‘ Animal Fats.” 
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possible to establish a distinction, based on chemical properties, between 
vegetable and animal waxes. Although a phytosterol has been shown 
to occur in flax wax, and cholesterol (in association with isocholesterol) 
in wool wax, definite proof is still wanting that vegetable and animal 
waxes can be diflerentiated in a similar manner as in the case of vegetable 
and animal fats, by the presence or absence of these two alcohols. 
However, for the sake of uniformity, it may be convenient to carry 
through the subdivision on the same lines as have been adopted above 
for fatty oils and fats. We arrive, therefore, at the following classifica- 
tion : — 

I. Liquid Waxes. II. Solid Waxes. 

A. Vegetable waxes. 

B. Animal waxes. 


I. Fats (Liquid Fats or Fattv Oils, and Solid Fats) 

1. Chemical Constitution of Fats — Preparation and Properties 
of Pure Glycerides 

Fats arc the product of the combination of glycerol and fatty acids. 
Glycerol being a trihydric alcohol, and consequently deporting itself 
like a trihydric base, is able to combine with three radicles of fatty 
acids, as is expressed by the following equation, in which R represents 
the acid radicle of any fatty acid : — 

O.H O.R 

CaH^O . H-f 3 R . OH-C3H5O . R+ SHaO. 

O.H O.R. 

The resulting compounds are called “ triglycerides ” or “ neutral 
glycyl esters,” and they may be compared to neutral salts ; therefore 
the triglycerides are also called neutral fats, and the nomenclature used 
for salts has- been adopted for them by some authors. Thus we speak 
of glyceryl stearate or stearic glyceride, etc. This constitution of fats 
has been established by the classic researches of Chevreul {Recherches 
chimiques sur les corps gras d'origine animate, Paris, 1815-1823. Re- 
printed 1889), Berthelot (cp. Chimie organique fondee sur la synthhe, 
Paris, 1860), and Wurtz. 

Adopting this constitution of neutral fats, theory predicts the 
possible existence of monoglycerides and diglycerides corresponding to 
the formulae 

O.R O.R 

CoHgO.HandCaHsO.R 
O.H O.H. 

Whilst Chevreul had compared the glycerides to compound ethers 
(esters), Berthelot amplified ChevreuVs view by demonstrating that 
glycerol stood in the same relationship to ethyl alcohol as nitric acid 
does to orthophosphoric acid. Curiously enough, Berthelot compared 
the monoglycerides, diglycerides, and triglycerides to ortho-, pjnro-, and 
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metaphospliates, and it was Wurtz who showed that this was incon- 
sistent with the facts discovered by Berthelot himself, and thus gave the 
final explanation which still holds good (cp. Wurtz, History of Chemical 
Theory, p. 139). 

In nature apparently only the triglycerides occur ; the mono- 
glycerides and diglycerides are, as a rule, not met with in freshly prepared 
fats. True, Eeimer and Will ^ found in crude rape oil the diglyceride 
of erucic acid, C 3 H 5 (O.C 22 H 4 iO) 2 (OH), but this exception to the 
general rule is only an apparent one, as the rape oil in question had 
become hydrolysed with formation of free erucic acid, whilst dierucin 
separated as a solid mass (see p. 43). 


Monoglyeerldes 

Monoglycerides have the general formula CgHg.OR. (0H)2. 
According to the position which the fatty acid radicle occupies in the 
molecule, two isomeric monoglycerides can exist, as is explained by the 
following formulae, in which K denotes the fatty acid radicle : — 

O.R (a) O.H(a) 

0.H(7) 0.H(7). 

It will, of course, be seen, that the (a) and (y) positions are identical. 
Compounds corresponding to the first formula will be denoted as 
a-monoglycerides ; they contain an asymmetric carbon atom, and may 
therefore represent racemic compounds. Monoglycerides corresponding 
to the second (symmetrical) formula would then appropriately be 
termed jS-monoglycerides, The melting points of the jS-monoglyceride 
are higher than those of the a-isomerides.‘^ 

Monoglycerides are obtained synthetically by the following general 
methods. BertheloCs ^ classic method consists in heating together fatty 
acids with an excess of glycerol in a sealed tube. Inasmuch as it is 
difficult to control the reaction in such a manner that only a mono- 
glyceride (without any diglyceride) be formed, Romburg,^ Guth,^ and 
Krafft ® mixed equivalent quantities of monochlorohydrin (or bromo- 
hydrin) with the finely powdered sodium salt of the fatty acid, and 
heated the mixture. The sodium chloride formed separates at the 
bottom of the vessel. The glyceride is then extracted with ether, and 
filtered over charcoal. 

Griin ’ prefers to start (in the case of j8-monolaurin) from the more 
readily obtainable a-y-dichlorohydrin (1,3 dichloropropanol - 2) which- 
can be converted quantitatively into a dichloro-ester {e.g. in the case 
of lauric acid into ^-lauro-a-y-dichlorohydrin). In order to replace the 
chlorine atoms by hydroxyl groups, the chloro-compounds are treated 

1 Berichte, 1886, 3320 ; cp. also Vol. II. Chap. XIV. “ Rape Oil.” 

H. Weyrauch, Inaiig. Dissert., ZUrich, 1911, p. 17. 

Ohimie organique fondie sur la synth^e, Paris, 1860, vol. ii. 

* Rec. d. trav. chim. Pays-Bas, 1882, 186. ^ Zeit.f. Biologic, 1903, 44, 78. 

« B&richte, 1903, 4343. ’ Berklde, 1910, 1288. 
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with silver nitrite, whereby labile nitrites are formed having the formula 
CHg.O.NO - CH.OR - CHg.O.NO. These nitrites are hydrolysed 
by traces of acids or even by water, and thereby converted into the 
corresponding hydroxylated compounds, which are the desired j3-mono- 
glycerides. 

According to J5. W. van Eldik Thieme ^ the foregoing methods do 
not jrield pure products. At any rate in the case of lauric acid he 
showed that the glycerides prepared by Grun and his collaborators (see 
p. 75) represent mixtures of monoglycerides and diglycerides, inasmuch 
as by the action of the OH group of the chlorohydrins on the laurates 
free alkali is formed, whereby partial saponification of the halogenated 
hydrins takes place. The different melting points recorded in the 
literature of this subject by the several investigators (see below) thus 
find a ready explanation. Van Eldik Thieme states, however, that 
pure monolaurins are obtained by using iodohydrins in Griin's silver 
nitrite method. 

The “ biochemical ” synthesis (of monoolein) by means of pancreas 
ferment {Pottevin"^) has no practical importance, but it should be 
mentioned here, since the action of the ferment appears to exhibit the 
same catalytic nature^ as the Twitchell reagent (Chap. II. p. 86) 
possesses. If th^ latter reagent be added to a mixture of glycerol and 
fatty acids, glycerol being in excess, and care be taken to remove the 
water as it is formed, monoglycerides (together with diglycerides) are 
obtained.^ 

On boiling monoglycerides with acetic anhydride, a mixed triglyceride 
(see p. 30) of the formula 

O.R 


CaHsO.C^HjO 


O.C2H3O 


is obtained. Similarly, on heating with benzoyl chloride (in the presence 
of caustic soda), a triglyceride of the formula 


O.R 


C3H3O.C7H3O 

O.C7H5O 

can be prepared.® 

The following monoglycerides have been obtained hitherto 


(a) Monoglycerides of Saturated Fatty Acids 

a-Monoformin, C 3 Hj,(O.CHO)(OH)(OH), is obtained by heating 
monochlorohydrin with sodium formate to 160*^ C. It is also formed 

^ Journ.f. prakt. Chem., 1912 (85), 284. 

* Gompt. rend., 1904 (138), 878. Cp. also o-monobutyrin (p. 8). 

, “ Lewkowitsch, Jahrbuch der Ckernie, 1907, xvii. 407. 

* Jonrn. Am&r. Chem. Soc., 1907, 566. French patent 371,689 (1907). 

® Quensell [Inaug. Dissert., Berlin, 1909, p. 18) states that the diglycerides of 
stearolic and beheuolic acids could not be converted into the mixed triglycerides by 
boiling with acetic anhydride ; the corresponding nionoglyceridcs aBsiniilated one acetyl 
group only, forming mi.\ed diglycerides, see p. 17. The same phenomenon was observed 
in the case of the monoglyceride of ricinstearolic acid, which assimilated (in addition to 
one acetyl group taken up by the OH group in the molecule of tiie ricinstearoUc acid) 
one acetyl group only, thus leading to a mixed diglyceride, instead of the triglyceride 
that would be expected. 
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when oxalic acid is heated together with glycerol to 190° C. Mono- 
formin boils in mcuo at 165° C. 

a-Monoacetin} 03115(0 . CgHgO) (OH) (OH), is obtained (together 
with diacetin and triacetin) on heating^ anhydrous glycerin with 
glacial acetic acid. It is a thick liquid, easily soluble in water and in 
alcohol, very sparingly soluble in ether, and almost insoluble in benzene. 
Monoacetin is very hygroscopic. Its specific gravity is 1-2212 at 15° C, 
(water at 15° C. = 1) ; it boils unchanged at 130°-132° 0. under a pressure 
of 2-3 mm. At higher pressures it suffers decomposition. 

a-MonohuUjrin,^ 03H5(0 . C4H70)(0H)(0H), was obtained by 
Hanriot by allowing lipase to act on a mixture of glycerin and butyric 
acid. It is also formed on heating together equivalent proportions of 
sodium butyrate and a-monochlorohydrin. It is an oily, colourless 
liquid of the specific gravity 1*008 at 17° C., boiling under the ordinary 
pressure at 269°-271° C., and under a pressure of 16 mm. at 160°-163° C. 
In the butyro-refractometer it indicates 26 “ degrees ” at 40° C. Mono- 
butyrin is less soluble in water than is monoacetin ; 8 volumes of mono- 
butyrin are miscible with 3 volumes of water ; with 5 or more volumes 
of water an emulsion is formed. 

Monovalerin, C3H5(0 . C5H90)(0H)(0H), is obtained by heating 
valeric acid with glycerol to 200° C. It is an oily liquid of the specific 
gravity 1-000 at 16° C. One volume of monovaleiin forms a clear 
liquid with half a volume of water, but on adding another half volume 
or more of water, the monoglyceride is precipitated. 

a-Monolaurin, 03115(0 . 042H23O)(OH)(OH), prepared by Krafft,^ 
from a-monochlorohydrin and potassium laurate, boils in vacuo at 
142° C. and melts at 59° C. 

The a-monolaurin obtained by Grm’s method from a-laiirodi-cliloro- 
hydrin melted at 52° 0.® B. W. van Eldik Thieme gives for a pure 
a-monolaurin the melting point 58-9° C. The a-monolaurin cannot be 
converted into its phenylurethane by means of phenylisocyanate 
(difference from j3-monolaurin, Griin ®). 

^-Monolaurin, C3H5(OH) . (0 . C^gHg^O) . (OH), obtained from 
jS-lauro-a-y-dichlorohydrin by means of silver nitrite, crystallises from 
ether, petroleum ether, and carbon bisulphide in white silky needles, 
conglutinating at 58° C. and melting at 61° C. On prolonged keeping 
the melting point falls to 57*5° C. {Grun ’). Van Eldik Thieme gives 
the melting point 60-5° C. 

a-Monomyristin, C3H5(0 . Ci4H270)(0H)(0H), prepared from a- 
monochlorohydrin and potassium myristate, boils in vacuo at 162° G., 
and melts at about 68° C. {Krafft ®). 

^ Geitel, Journ. f. jrrakt. Chevi., 1897 (.^).')), 422, 425. 

^ The immediate formation of monoacetin in the preparation of plastic masses from 
casein, glycerol, and acetic acid was observed by Guedras {ChcM. Zeit., 1905, 533). 

a-Monoisobiityrin boils at 264‘’-2ti6‘' G. under ordinary pressure ; at 158"-161° C. 
under 16 mm. pressure. In the butyro-refractometer it indicates 21-2 “degrees” at 
40“ C. ■* Griin and Skopnik, Jiciichte, 1909, 8755. 

^ Journ.f. prakt. Ch^m., 1912 (85), 292. 

“ Griin and Hkopnik, Berichle, 1910, 1290. 

7 Ibid., 1910, 1288. 

** Berichle, 1903, 4343 ; cp. also Griin and Schreyer, Berichle, 1912, 3424.' 
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p~Monomyristin, C3H5(0H)(0 . Ci4H270)(0H), obtained from j8- 
myristo-a-ydichlorohydrin, melts at 69® C. ; it is easily soluble in chloro- 
form, and ether, less readily soluble in alcohol, petroleum ether, and 
carbon bisulphide {Weyrawh ^). 

a-Monopalmitin, 03115(0 . CiaH3iO)(OH)(OH), prepared by Kraffl^ 
from a-monochlorohydrin and potassium palmitate, melted at 72° 0.® 
One hundred parts of absolute alcohol dissolve 5-306 parts at 22-5° 0. 
The refraction in Zeiss' butyro-refractometer was 25-3 “ degrees ” at 
75® C. 

P-Monopalmitin, C3H5(0H)(0 . Ci3H3jO){OH), obtained from j3- 
palmito-a-y-dichlorohydrin, forms white crystalline leaflets, melting at 
74° C. After keeping for several months the melting point fell to 
69-5° 0. {Grun ^). 

a-Monostearin^ 03115(0 . CigHgjO) (OH) (OH), obtained from a- 
monochlorohydrin and potassium stearate, melts at 73° C. {Guth ) ; 
78° 0. {Kraffl), and crystallises in microscopic needles. It dissolves 
easily in either hot alcohol or hot ether, but only sparingly in cold ether. 
It distils unchanged in vacuo. The butyro-refractometer index is 
28-8 “ degrees ” at 75° 0.^ 

Monoarachin, 03H5(0 . C2oH330)(OH)(OH), is nearly insoluble in 
cold ether. 

Monocerotiny 03H5(0 . 02fln5jO)(OH)(OH), forms long, fine needles, 
melting at 78-8° 0. {Marie). ^ 

Monomelissin, 03Hg(0 . 03 qH 530)(OH)(OH), melts at 91-5°-92° 0. 


(h) Monoglycerides of Unsaturated Fatty Acids 

a-Monoolein, 03H5(0 . 0jgH33O)(OH)(OH), is a yellowish liquid of 
the specific gravity 0-947 at 21° 0. {Berthelot), solidifying at 0° C. to a 
white mass ; on standing it solidifies slowly at the ordinary temperature 
(from 15° to 20° C.). Krafft ^ obtained from a-monochlorohydrin and 
potassium oleate a monoolein melting at 35° C., and decomposing on 
being distilled in vacuo. Its refraction in the butyro-refractometer is 
60-1 “ degrees ” at 40° C. The biochemical synthesis of monoolein by 
Pottevin has been already referred to (p. 7). Stereoisomerides of 
a-monoolein, such as a-monoelai'din and a-monoisoolein, have not yet 
been prepared. 

If the acid radicle contained in an unsaturated mouoglyceride were 
optically active {e.g. if derived from riciuoleic, chaulmoogric, or hydno- 
carpic acid), the monoglyceride would also exhibit optical activity. 
An a-monoglyceride containing such an optically active radicle would 
still represent a racemic compound. 

1 Cp. also Berichte, 1912, 3424. 

^ Berichte, 1903, 4343 ; cp. also Griin and Sclireyer, Berichte, 1912, 3424. 

^ The melting points 63“ C. and 65“ C. found by Chittemlen and Smith [Anier. 
Chem. Journ. (6), 225) for two monopalmitins undoubtedly refer to mixtures. 

* Berichte, 1910, 1288. 

® fi-Monostearin, C 3 Hg( 0 H)( 0 .CigH 350 )( 0 H), has not been identified with certainty 
(Griin and Theimer, BericMe, 1907, 1792), although Weyrauch (Inaug. Dissert., Zurich, 
1911, p. 17) gives for this substance the melting point 80“ C. 

® Ann, de Chim. et de Phys, 7, 202. 
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The following unsaturated monoglycerides have been prepared 
from fatty acids, not found hitherto in nature. 

a-Monostearolin, 03115(0 . Ci8H3iO)(OH) (OH), synthesised from 
glycerol and stearolic acid {Quensell ^), as also from a-monochlorohydrin 
and sodium stearolate, crystallises from alcohol in white leaflets, 
melting at 40*5° C., dissolves sparingly in cold alcohol, more readily in 
warm alcohol, and is easily soluble in chloroform, ether, benzene, and 
petroleum ether. The dichloro- addition product, C2iHg304Cl2, is 
obtained as an oily product by allowing equal molecules of a-mono- 
stearolin and chlorine to react in a solution of chloroform. The 
dihromo-addition product, C2iH3804Br2, is obtained by allowing one 
molecule of bromine to act on one molecule of a-monostearolin in a 
solution of carbon bisulphide, using metallic iron or ferric chloride as 
a catalyst. The diiodo derivative^ C21H38O4I2, is obtained by allowing 
iodine to act on a-monostearolin in a solution of carbon bisulphide, 
in the presence of ferrous iodide and aluminium iodide (which act as 
catalysts). Even in the presence of the latter the complete absorption 
of one molecule of iodine requires four to five days, and takes place only 
on exposure to daylight. The crystals (from alcohol) melt at 33° C. 

The tetrabromo derivative^ Cj 3 Hgg 04 Br 4 , is obtained with some 
difiiculty by allowing two molecules of bromine (using an excess of 
10 per cent) to act on a-monostearolic acid for one week, the solution 
being exposed at the same time to daylight.^ 

a-Monohehenolin, 03^(0 . C22H390)(0H)(0H), obtained by heating 
a-monochlorohydrin with sodium behenolate to 160° C., crystallises 
from alcohol in white leaflets melting at 50*5° C. {Quensell^). The 
dibromo derivative, C25H4304Br2, is obtained by allowing bromine to act 
on a-monobehenolin in a solution of carbon bisulphide, metallic iron 
being used as a catalyst. 

The diiodo derivative is obtained with great difiiculty, the reaction 
becoming complete only after prolonged (over one week) exposure to 
sunlight. 


Diglycerldes 

Diglycerides have the general formula C3H5(OR)2(OH). 
Theoretically, two isomeric diglycerides containing the same fatty 
acid radicle can exist, as is indicated by the following two formula), 
in which R denotes the fatty acid radicle ; — 

O.R(a) O.R(o) 

CsHcO.H C,H 50 .R(/S) 

O.R(a) O.H. 

Diglycerides of this composition may be termed “ simple diglycerides,” 
The compounds conforming to the first formula, will be denoted 
a-a- (or symmetric) glycerides ; they are prepared from a-dichloro- 
hydrin and the salts of fatty acids. The compounds corresponding to 
the latter formula will be termed a-j8- (or unsymmetric) glycerides ; 
* Baickte, 1909, 2441. 

2 The acetyl and benzoyl derivatives have been referred to in footnote, p. 7. 

3 Benchte, 1909, 2446. 
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they are prepared in a corresponding manner from j3-dibromohydrin, 
a-jS-glycerides contain an asymmetric carbon atom; hence the syn- 
thetically prepared a-j3-diglycerides are likely to represent racemic 
compounds.^ If one or both of the acid radicles were optically active 
{e.g. if derived from ricinoleic, chaulmoogric, or hydnocarpic acid), 
the diglycerides would be optically active on that account alone. 

A differentiation between a-a- and a-j8-diglycerides might perhaps 
be based on their different behaviour to thionylchloride with which 
the a-j3-diglycerides react very easily, to form hydrochloric esters of the 
diglycerides {i.e. mixed triglycerides containing Cl in place of one OH 
group), whereas the a-a-diglycerides react very slowly and incompletely. 
The mixture of the corresponding mixed triglycerides can be readily 
separated by means of solvents {CoreUi). 

If the two fatty acid radicles are different y the existence of diglycerides 
having the following formulse is theoretically possible : — 

O.RJa) O.R,(a) O.R8{a) 

CaHfiO . H(^) CsHgO .R2(i3) C.B^O .Ri(/3) 

0.R,(7) 0.H{7) 0.H(7) 

These diglycerides may be termed “ mixed diglycerides.” As they 
all contain an asymmetric carbon atom they may represent racemic 
compounds. If one or both acid radicles be derived from optically 
active fatty acids, the diglycerides containing them will exhibit optical 
activity. 

Diglycerides are prepared synthetically by the same methods^ 
which are employed in the preparation of monoglycerides, with the 
obvious modifications that a larger proportion of fatty acids must be 
employed (in Berthelot’s and TudtchelVs methods), and that instead of 
monochlorohydrin (or monobromohydrin), dichlorohydrin (or dibromo- 
hydrin) must be used, Griin^ stated that by treating a solution of 
higher fatty acids in concentrated sulphuric acid (one part of fatty 
acids in l-S parts of sulphuric acid) with glyceroldisulphuric acid 
(see Chap. III. p. 255), at a temperature of 70® C. for three hours, 
diglycerides are formed exclusively (neither triglycerides nor mono- 
glycerides having been found in the product of the reaction). The 
lower the molecular weight of the fatty acid employed, the smaller 
was the yield of diglyceride. This is explained by Griin and Schacht * 
by their observation that the once formed diglycerides combined with 
free fatty acids to form an addition product. Thus, on allowing 
m3rristic acid to react with glyceroldisulphuric acid, the addition 
compound of the formula C3H5(0H)(0Ci4H270)2 + 2Ci4H2802 could 
be isolated. B. W. van Eldik Thietne^ disputed the correctness of 
Griin’s statement, and showed, in conformity with the theoretical 
postulate that mono-, di-, and tri-glycerides should be obtained, that 

* Experiments made by Corelli to resolve the sulphuric ester of a-/3-diglyceride into 
optically active isomerides by means of their brucine salts did not lead to positive results 
{Inaug. Dissert., Zurich, 1909). 

^ Cp. also German patent 189,839 (Ulzer, Batik, and Sommer). 

3 Berichte, 1906, 2284. IlnU., 1907, 1778. 

® Proceed. K. Ahtd. d. Wetensch., Amsterdam, 1908, 855. 



12 


CLASSIFICATION OF OILS, FATS, AND WAXES 


CHAP. 


triglycerides are indeed formed, and that subsequently, by the hydro- 
lysing action of water, both diglyceride and monoglyceride are obtained. 
It would thus appear that under the conditions which Grun and Schacht 
maintained during their experiments the sulphuric acid contained 
sufficient water to convert triglyceride into diglyceride. 

In a more recent publication B. W. van Eldik Thieme ^ adduces 
further proof for the correctness of his views. It is therefore somewhat 
surprising that Grun and Corelli in subsequent publications^ persist 
in ignoring the serious objections raised by van Eldik Thieme. 

On heating diglycerides with acetic anhydride, “ mixed triglycer- 
ides ” of the formulffi 

C 3 H 5 ( 0 R)( 0 .C 2 H 30 )( 0 R) and C 3 H 6 { 0 .Ri){ 0 .R 3 )( 0 .C 2 H 30 ) 

are obtained. Corresponding “ mixed triglycerides ” are formed by 
heating diglycerides with benzoyl chloride. 


Simple Diglyeerides 

(a) Diglycerides of Saturated Fatty Acids 

Diformin, 03115(0 . 0110)2(011), is obtained as an intermediate 
product in the preparation of formic acid from oxalic acid and glycerol. 
On a commercial scale it is prepared by heating 10 parts of pure formic 
acid with 4 parts of 95 per cent glycerin to 140° 0., wlien dilute formic 
acid distils over and diformin remains behind.^ Specific gravity = 1-304 
at 15° 0. Diformin boils under a pressure of 20-30 mm. at 163°- 166° 0. 

Diacetin, 03115(0 . C2H30)2(0H), is formed, together with mono- 
acetin and triacetin, on heating anhydrous glycerol with glacial acetic 
acid. It is also obtained by heating glyccroldisulphuric acid and 
glacial acetic acid for three hours to 70° 0. (Custodis ^). Under 40 mm, 
pressure it boils at 175°-176° 0. without undergoing decomposition. 
Its specific gravity is 1-1769-1*1788 at 15° 0. (water at 15° = 1). It is 
easily soluble in water and in alcohol, leas readily so in ether, and with 
more difficulty still in benzene. Diacetin is a commercial product, 
and has been used latterly as an adulterant of essential oils.^ 

a-a-Dihutyrin,^ €3115(0 . C4H7O) (OH) (0 . C4II7O), has a specific 
gravity of 1-083 at 17° C. {Berthelot). It boils under a pressure of 
19 mm. at 173°-176° C., and under atmospheric pressure at 279°-282° C. 
The refraction in the butyro-refractometer is 14 “ degrees ” at 40° C. 

a-^Dihutyrinf C3H5(0 . C4H70)(0 . C4H70)(0H), boils under .a 

1 Journ.f. prakt. CJmn., 1912 (85), 284. 

* Zeits. f. angew. Chem., 1912, 665 ; 947. 

^ S. von Kapff, United States patent 901,298. 

Inaug. Dissertation, Ziirich, 1909. 

® Journ. Soc. Ghem. Ind., 1903, 570 ; cp. Vol. III. Cliap. XV. 

® a-a-Diisobntyrin boils under ordinary pressure at 272'’-275° C., under 22 imn. 
pressure at 164''-167° C. In the butyro-refractometer it indicates 10-3 “degrees” at 
40° C. 

’ a-/3-Dii8obutyrin boils under ordinary pressure at 269°-272° C., under 20 min. 
pressure at 159°- 162° C, In the butyro-refractometer it indicates ITS “degrees” at 
40° C. 
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pressure of 19 mm. at 166°-168° C., and imdcr atmospheric pressure 
at 273°-275° C. Its refraction in the butyro-refractometer is 18 
“ degrees ” at 40° C. 

Divalerin, C3H5(0 . C5HgO)2(OH), has the specific gravity 1-059 at 
16° C. 

a-a-Bilaurin, 03115(0 . 0^2^230) (OH) (0 . CjgH^O), is obtained by 
the action of glyceroldisulphuric acid on lauric acid (yield 35 per cent) 
as also from a-a-dichlorohydrin and potassium laurate (yield 81 per 
cent). The product prepared by the first method is liquid, and gives 
only with difficulty a small quantity of crystals melting after recrystal- 
lisation at 57° C., whereas the a-a-dilaurin obtained by the second 
method yields more readily crystals melting at 55° C.^ (cp. below, 
“ Double Melting Point,” p. 21). 

B. W. van Eldik Thieme {Journ. f. prakt. Chem., 1912 (85), 295), 
however, found that in this reaction a-^-dilaurin, trilaurin, and most 
likely a little a-a-dilaurin are formed. The true a-a-dilaurin is a liquid. 

By varying the temperature at which potassium laurate and 
a-a-dichlorohydrin are allowed to act on each other, the yield of solid 
a-a-dila^urin varies ; thus, the higher the temperature tlie greater is 
the proportion of liquid a-a-dilaurin. The solid a-a-dilaurin is separated 
from the liquid a-a-dilaurin by admixing with the crude product of the 
reaction some alcohol and filtering in the cold on a vacuum filter, 
whereby the bulk of the li(juid together with small quantities of solid 
a-a-dilaurin pass through the filtering medium. Heating to 150° C. 
did not convert the solid a-a-dilaurin into the liquid modification. 

The solid a-a-dilaurin does not form an addition compound with 
lauric acid (sec a-a-dimyristin). The crystals which separate from the 
liquid a-a-dilaurin (obtained from glyceroldisulphuric acid and lauric 
acid) melt at 40° C., whereas the solid a-a-dilaurin obtained from 
potassium laurate and a-a-dichlorohydrin melt at 57° C. After standing 
for several months, both solid modifications of a-a-dilaurin melt at 
45° C., and even a mixture of the two solid a-a-dilaurins melts at the 
same temperature of 45° C. 

The liquid dilaurin could not be converted into a solid modification 
by heating to 150° C. for three hours ; in contradistinction to the 
behaviour of the solid a-a-dilaurin, hydrolysis of the diglyceride took 
place to a considerable extent. 

The liquid a-a-dilaurin yields in the molecular weight-determination 
by the cryoscopic method (in benzene) only half the theoretical value, 
a^ phenomenon which has hitherto not found an explanation (cp. 
trilaurin, p. 26). Both solid a-a-dilaurins give, when examined by the 
same method, values which are very little higher than those demanded 
by theory (dilaurin of melting point 40° C. gave 517-4 ; a-a-dilaurin 
of melting point 57° C. gave 511-3 ; theory : 456-42) {Custodis), 

a-a-dilaurin is soluble in alcohol, ether, and chloroform. 

a-^-Dilaurin, C3H5(0 . Ci2H^O)(0 . Ci2H230)(0H), is prepared by 
heating a-j8-dibromohydrin with potassium laurate {Reinhardt 2). 

1 Griin and Schacht, Berichte, 1907, 1788. Custodis, Inaug. Dissert., Zurich, 1909. 

^ Inauff. Dissert., Ziirich, 1909. 
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It crystallises from its hot petroleum ether solution (after adding cold 
petroleum ether) in crystals, softening at 60® C. and melting at 66° C., 
66*3® C. (van Eldik Thkme), This dilaurin is soluble in 96 per cent 
alcohol, but insoluble in 60 per cent alcohol even on warming. 

a-a-Dim^ristin, €3115(0 . Ci4H270)(0H)(0 . C14H27O), is obtained 
from glyceroldisulphuric ^ acid and myristic acid ; the yield is only 
40 to 46 per cent ; the main product is an addition compound of the 
formulaC3H5(0.Ci4H270)2(0H) + 2C14H28O2 forming small white crystals 
melting at 63-6° C. (from alcohol or ether) or 65® C. (from amyl alcohol). 
This a-a-dimyriatin forms white crystals sparingly soluble in petroleum 
ether, melting at 63° C. (from alcohol or ether), 65° C. (from amyl 
alcohol). After prolonged keeping the melting point drops to 62-6° C. 

The a-a-dimyristin obtained from a-a-dichlorohydrin and potassium 
myristate forms white crystals, melting at 55° C. and 61® C. and after 
solidification at 61® C. After keeping for several months, the crystals 
melt at 59° C., and show the same melting point even after solidi- 
fication.^ 

a-p-Dimijristin,^ 03115(0 . Ci4H270)(0 . Ci4H270)(0H), prepared 
from a-chlorodimyristin by heating with silver nitrite and saponifying 
the nitrous ester, melts at 64*5® C., and exhibits the same melting point 
after solidification. After several months’ keeping it melted at 62*5® C., 
and then shortly after solidification at 50® C., and after a further twenty- 
four hours at 60® C. 

a-a-Dipalmitijiy 03X15(0 . Ci6H3i0)(0H)(0 . C^gHg^O). The dipal- 
mitin of the melting point 59° 0., obtained by Berthelot on heating 
glycerol and palmitic acid, as also the dipalmitin of the melting point 
61® 0., prepared by Chittenden and Smithy are most likely identical with 
the product obtained by Guth on heating two molecules of sodium 
palmitate with one molecule of a-a-dichlorohydrin. Provided no 
molecular rearrangement takes place on heating, the constitution of 
this compound must be that of an a-a-diglyceridc. This view is con- 
firmed by Grun’s ^ synthesis of the same diglyceride from palmitic acid 
and glyceroldisulphuric acid. It melts at 69° C. (Guth), 70° C. (Griin) ; 
on keeping for a prolonged time the melting point rises to 73®-74® C. 
{Corelli^). In the butyro-refractometer it indicates 23*8 “degrees” 
at 76 C. 

a-^-Dipalmitin, €3115(0 . Ci6H3i0)(0 . Ci6H3iO)(OH), obtained from 
sodium palmitate and a-jS-dibromohydrin, melts at 67® €. {Guth) ; in 
the butyro-refractometer it indicates 21*8 “ degrees ” at 76® C. 

a-a-Disteariny €3H5(0 . Ci8H^O)(OH)(0 . €i8H350). The product 
obtained by Berthelot (1) on heating 1 part of a-monostearin with 3 parts 
of stearic acid to 260° C. for three hours ; (2) on heating stearin with 
an excess of glycerol to 220° C. for twenty-two hours ; (3) on heating 
equal parts of glycerol and stearic acid to 160® €. for fourteen hours 
(yielding a product of melting point 58® €.), as also the distearin of the 

1 Griin and Schaoht, Berichtey 1907, 1785. 

. * Giviu and Theiiner, Berichtey 1907, 1797. 

3 Berichte, 1905, 2285 ; cp., however, van Eldik Thieine’s strictures, p. 76. 

* Inaug. Dissert. y Zurich, 1909. 
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melting point 76*6° C. obtained by Eundeshagen} is very likely tbe 
a-a-compound. Guth synthesised this a-a-distearin by heating one 
molecule of a-a-diohlorohydrin with two molecules of sodium stearate 
in a sealed tube to 140°-150° C. for six to eight hours. This distearin 
crystallises from petroleum ether in rhombic plates, melting at 72-5° C. 
In the butyro-refractometer it indicates 25’3 “ degrees ” at 76° C. 
Bomer ^ in a more recent preparation of this glyceride, following Guth’s 
method, found that considerable amounts of tristearin are formed 
simultaneously, and that consequently the statements of previous 
observers refer to an impure product. Bomer finds that a carefully 
prepared specimen of a-a-distearin, freed from tristearin, melts at 
76-6° C. 

The a-a-distearin obtained from stearic acid and glyceroldisulphuric 
acid (yield 76 per cent ; Griin conglutinates at 68 ° C., and melts at 
76° C. ; after several months it melted at 74*5° C. {Griin and Schacht *). 

a-^-Distearin, 03115(0 . CjgH 350)(0 . CigH 350 )( 0 H), is obtained 
from one molecule of a-jS-dibromohydrin and two molecules of sodium 
stearate. It crystallises from petroleum ether in prismatic plates, 
melting at 74*5° 0. The melting point of a-^-distearin obtained from 
a-chloro-glyceroldisulphuric acid and silver nitrite is 78*2° 0,, and after 
several days’ standing 77*5° C. (Griin and Theimer ®). In the butyrp- 
refractometer it shows 25 “ degrees ” at 75° C. 

a-a-Diarachin, 031 X 5(0 . 02oH3gO)(OH)(0 . OgoHggO), melts at 76° 0. 
(Berthelot ; Griin) ; it is almost insoluble in cold ether, but very readily 
soluble in carbon bisulphide. 

Dicerotin, 031 X 5(0 . C2eH5iO)2(OH), melts at 79*5° 0. ; it is almost 
insoluble in boiling alcohol. 

Dimontanin, 031X5(0. 0291X570 )2(OH), is stated to be obtained by 
heating refined montan wax with glycerin,® and is said to melt at 
80°-81° 0 . 

Dimlissin, 031 X 5(0 . 0391 X 590 ) 2 ( 011 ), melts at 90° 0, 


(5) Diglycerides of Unsaturated Fatty Acids 

a-a-Diolein, 031X5(0 . 0igH33O)(OH)(0 . 0igH330). The product 
obtained by Berthelot on heating 1 part of a-monoolein with 6 parts 
of oleic acid to 250° 0. for several hours, or on heating olein with glycerol 
to 200° 0. for twenty-two hours, is most likely the a-a-compound. The 
true a-a-diolein was prepared by(r«/^Mroma-a-dichlorohydrin and sodium 
oleate. a-a-diolein differs very little in its physical properties from 
a-monoolein. Like the latter, it solidifies at 0 ° C. to a white mass, 
which is converted into a translucent mass containing white granular 
particles, on standing a few days at the ordinary temperature. In the 
butyro-refractometer it indicates 68*8 “ degrees ” at 40° C. 

^ Journ. /. jprakt. Chem. 28, 227. 

^ Zeits.f. Unters. d. Nahrgs- «. Omussni., 1913, xxv. 364. 

» Berichte, 1906, 2284. * Ibid., 1907, 1781. 

® Ibid., 1907, 1793 ; cp. also Reinhardt. 

^ Ernst Schliemann’s Export'Oermn Fabrik. German patent 244,786. 
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a-p-Diolein, C3H5(0 . Ci8H330)(0 . CigHggOjlOH), prepared from 
a-jS-dibromohydrin and sodium oleate, resembles the a-a-compound in 
colour, smell, and taste. It also solidifies at 0° C., but differs from the 
a-a-compound in that it remains liquid at the ordinary temperature, 
even if allowed to stand for several weeks. In the butyro-refractometer 
it indicates 56' 3 “ degrees at 40 ° C. 

Stereoisomerides of diolein have not been prepared hitherto. 

Dierucin, CgHgCO . C22H4iO)2(OH), melts at 47 ° C. It is almost 
insoluble in ether and in petroleum ether. Its occurrence in old rape 
oil has been pointed out above (p. 6). 

Dibrassidin, C3H5(0 . C22H4iO)2(OH), melts at 67 ° C. ; it dissolves 
with difficulty in ether. 

a-a-Dilinolin, CgHglO . Ci8H3i0)(0H)(0 . CigHgiO), prepared from 
a-a-dichlorohydrin and potassium linolate, is a yellow oil of neutral 
reaction. Its derivative €3113(0 . C48H34Br40)(0H)(0 . C48H34Br40), 
prepared from dichlorohydrin and potassium tetrabromostearate (from 
linolic tetrabromidc), melts at 71 °- 72 ° C., is easily soluble in ether, and 
more easily soluble in alcohol than a-a-dilinolin {H. Schoenfeld ^). 

The following iinsaturated diglycerides have been prepared from 
fatty acids, not found hitherto in nature : — 

a-a-Distearolin, 03115(0 . C|8H340)(0II)(0 . CJ8H34O), prepared by 
heating a-a-dichlorohydrin with sodium stearolate at 180 ° C., crystallises 
from low boiling petroleum ether in white leaflets, melting at 38 ° C., 
and from alcohol in needles melting at 38 - 5 ° C. It is sparingly soluble 
in cold, somewhat more readily soluble in boiling alcohol, and dissolves 
readily in ether, benzene, petroleum ether, and cliloroform {Quensell^). 

a-p-Distearolin, C3H5(0 . Ci8H3i0)(0 . Ci8H340)(0H), prepared^by 
heating a-j3-dibromohydi'inwith an excess of sodium stearolate tol 75 °C., 
melts at 40 ° C. (Quensell^). On heating with acetic anhydride and 
sodiumacetate no assimilation of an acetyl group took place (see footnote 
p. 7 ). 

a-a-Dibehenolin, 03115(0 . C22H39O) (OH ) (0 . C22H39O), is formed on 
heating a-a-dichlorohydrin with sodium behenolate to 170 ° 0 . The 
crystals, obtained from petroleum ether, melt at 42 ° 0 . ; those obtained 
from alcohol melt at 43 ° 0 . {Quensell ^). 

The tetrcwhloro derivative, 03H5(0 . 022H390l20)2(OII), is obtained by 
the action of chlorine on a solution of a-a-dibehenolin in carbon bisulphide 
{Qmnsell^). 

The dm'yafc, 03H5(0022H33l20)2(OH), is obtained with 

the aid of a catalyst (mercury bichloride) from a-a-dibehenolin and 
iodine in a solution of carbon bisulphide. 

a-P-Dibehenolin, 03H5(0 . 022H390)(0 . 022H33O)(OH), is prepared 
from a-j8-dibromohydrin and sodium behenolate at 180 ° 0 . The crystals, 
obtained from alcohol, melt at 43 ° 0 . {Quensell^). On heating with 
acetic anhydride and sodium acetate no assimilation of an acetyl group 
took place (see footnote, p. 7 ). 


^ IiuLug. DisserL, Ziiricli, 1912. 


- Berichte, 1909, 2443. 



Mixed Diglycerides 

{a) Biglycerides of Saturated Acids 
(1) a-a Compounds 

a-Lauro-a-myristin, 03115(0. Ci2H230)(0H)(0.Ci4H270), obtained 
by heating a-lauro-a-monochlorohydrin with potassium myristate to 
140° C.,^ crystallises (from dilute petroleum ether and common ether, 
cooled below 0° C.) in shining white crystals, melting at 40°-42° 0. 
The solidified mass melts again at 34°-35° C. 

a-Lauro-a-stearin, C3H5(0 . C42H230)(0H)(0 . C48H35O), obtained by 
heating a-chloro-y- monostearin (or a-stearo-a-monochlorohydrin) with 
potassium laurate to 120° C.,^ crystallises from a cooled mixture of 
ether and petroleum ether in granular crystals, melting at 52°-53° 0. 
After solidification the mass melts at 45° C. 

a-Stearo-a~myristin, 03115(0 . C18H35O) (OH) (0 . 0^411270 ), obtained 
by heating a-stearo-a-monochlorohydrin with potassium myristate,^ 
crystallises (from a mixture of ether and petroleum ether) in crystals, 
softening at 47° 0., and melting at 52°-53° C. The solidified mass melts 
at 44° C. 

(2) a-/i Compound 

a-Myristo-^-stearin, C3Hg(0 . Ci4H270)(0 . Ci8H350)(0II), obtained 
by heating a-myristo-a-monochlorohydrin with stearyl chloride and 
treating the myristo-stearo-chlorohydrin with silver nitrite, etc., melts at 
58° C. (Griin and Sdireyer ^). 

(6) Diglycerides of Unsaturated Acids 

a-Acetyl-y-stearolin, 03H5(0 . C2H30)(0II)(0 . CigHg^O), obtained 
on boiling a-monostearolin with acetic anhydride and sodium acetate, 
forms a viscous oil which solidifies in a freezing mixture. It is note- 
worthy that a second acetyl group is not assimilated (Quensell^). 

a - Acetyl - y - acetylricinstearolin, CgHgfO . C2H30)(0H) (0 . 

[0 . CgHgO]), is obtained by boiling a-monoricinstearolin (prepared from 
sodium ricinstearolate and a-monochlorohydrin) with acetic anhydride. 
One acetyl group is assimilated by the (OH) group in the ricinstearolic 
acid radicle, and a second acetyl group by one of the hydroxyl groups 
of the monoglyceride. A further assimilation of an acetyl group with 
the formation of a triglyceride could not be effected. 

Triglycerides 

Theory predicts the existence of two classes of triglycerides, according 
to whether all three fatty acid radicles in the molecule have the same 
or a different composition. The former may be termed simple tri- 
glycerides, whereas the latter are suitably denominated mixed triglycerides. 

^ Griin and Skopnik, Berichte, 1909, 3757. 
a Berichte, 1912, 3420. 

® Inaug. Dissert., Berlin, 1909. 
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In the former class only one representative can exist for each fatty acid, 
namely, 

O.R 

C3H5O.R 

O.R, 

whereas in the second class two isomeric triglycerides may be expected 
if they contain two different fatty acid radicles, and three isomerides 
in the case of all three fatty acid radicles being different. This is ex- 
plained by the following formul® : — 

(1) (2) (3) (4) (6) 

O.R2(a) O.Ri(a) O.Ri(a) O.R„ (a) O.R, (a) 

C,HbO.Ri(/ 3) C3H,0.R2(/3) CaHjO.R^ (|S) C,R,OAi,{^) 

0.R3(7) 0.R3(7) 0.R3(7) 0.R3(7) O.R, (7) 

It will be seen that in triglycerides represented by formula (1) the 
a and y-positions are identical ; glycerides of this constitution might 
be termed “ symmetrical mixed triglycerides,” whereas triglycerides 
represented by formula (2), in which the and y positions are different, 
would consequently be termed “ unsymmetrical mixed triglycerides.” 
The same term might also be applied to the mixed triglycerides repre- 
sented by formul® (3), (4), and (5). 

The number of simple triglycerides is limited by the number of fatty 
acids (and their isomerides) which occur in nature. Infinitely larger 
is, however, the number of possible “ mixed glycerides.” Berthelot} 
as also Kahlukow,^ have given formul® for calculating the possible 
number mathematically. No useful purpose would be served here by 
reproducing these formul®, all the less so because the numbers thus 
calculated must be increased very considerably by taking into account 
the variations introduced by the existence of stereo-isomeric compounds 
— e.g., from elaidic and brassidic acids — and by the possible existence of 
optically active compounds, obtainable by the resolution of racemic 
compounds, as represented by the last four formul®, into optically 
active antipodes, and furthermore by those optically active mixed 
glycerides which owe their optical activity to the asymmetric con- 
figuration of the optically active fatty acid radicles themselves. 

Until recently most of the natural fats were considered to consist 
of mixtures of simple triglycerides of the several fatty acids, although 
Berthelot ® had already pointed out that the complexity of the natural 
oils and fats might be best explained by the existence of mixed glycerides. 
In favour of the former assumption it was mainlined that on cooling 
liquid fats, tripalmitin and tristearin separated out either in their^pure 
state or as a mixtxire. The theoretical postulate, that there should 
exist mixed glycerides, had up to recently obtained but very slender 
support from the experiments of Bell and Lewin (see Vol. II. Chap. XIV. 
“ Butter Fat ”), which led Bell to the conjectural statement that in 
cow butter probably oleopalmito-butyrate, of the formula 
C3H3(0 . C„H„0 )(0 . Ci,H3i0)(0 . C,H,0 ), 


^ Chimie organique fondie smr la synth^e^ 1860, vol. ii. p. 33. 

“ Chem. CentralbL, 1888, i. 73. * Chimie organique^ etc.^ 1860, vol. ii. p. 31. 
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occurred. Since Heise ^ discoveiied oleodistearin in mk^nyi fat and in 
kokum butter, other experimenters have isolated from natural fats a 
considerable number of mixed triglycerides (see p. 31). 

The preparation of pure triglycerides from natural products is a 
very laborious task, and has not always been accomplished satisfactorily, 
owing to the great difficulty of separating the various triglycerides. 
Thus Duffy? on recrystallising 2000 grms. of mutton tallow from large 
quantities of ether, obtained, after thirty-two successive crystallisations, 
no more than 8 grms. of substance, which even then could not be con- 
sidered to be pure tristearin. Again Krafft ® showed that whilst in a 
perfect vacuum trilaurin and trimyristin could be obtained (by fractional 
distillation) from laurel oil and nutmeg butter respectively, in such a 
state of purity that after one crystallisation glycerides of normal melting 
points are obtained, higher triglycerides underwent decomposition, so 
that, e.g., pure tripalmitin could not be prepared from Japan wax by 
this method. A more satisfactory, though still extremely laborious, 
method is afforded by a systematic crystallisation of tallow ^ from ether, 
followed by recrystallisation from benzene (cp. Chap. XII.). Hence, 
for the preparation of pure triglycerides in large quantities synthetical 
methods must be employed. 

Pure triglycerides were first obtained by Berthelot^ on heating 
glycerol with fatty acids. As has been explained already, mono- 
glycerides and diglycerides are formed simultaneously. In order to 
. exclude the formation of these lower glycerides, and with a view to 
obtaining complete esterification by removing the water as it was 
formed, Scheij ® heated glycerol with an excess of fatty acid in a slow 
current of air. In the case of the triglycerides of the fatty acids of low 
molecular weights, i.e. up to acids having ten carbon atoms in their 
molecule, a small quantity of fatty acids distils over simultaneously 
with the water, and it is therefore necessary to add, from time to time, 
a fresh quantity of the fatty acid. In the case of the fatty acids of higher 
molecular weight, the reaction is complete when water ceases to be 
evolved. The reaction can be accelerated by adding a small quantity 
of TwitchelVs reagent (see Chap. II.). 

The pure glycerides may also be prepared by heating together the 
sodium (or silver) salts of the fatty acids with tribromohydrin (Guth ; 
Partheil and v. Velsen ^), 

The property of exhibiting a so-called double melting point has 
been looked upon as ch*acteristic of pure triglycerides (as also of the 
natural <ats which constitute mixtures thereof). A number of observers 
(amongst whom should be mentioned Chevreul) stated that the tri- 
glycerides melt at a certain degree of temperature, then solidify at a 
higher degree, to melt again on further heating. This curious behaviour 
was explained by Duffy, and after him by Heintz, by the assumption 

* Arheitenam d. Kaiserl. Oesundfudtsamte, 1896, xii. 640 ; xiii. 302. 

^ Joum, Chan. Soc., 1852 (5), 199 ; cp. Heintz, Journ.f.prakt. Chein,, 1855 (66), 
49. « BericMe, 1903, 4343. 

* Bomer, Zeits.f. Unttrs.d. Nahrgs-u. Oenussm., 1907, xiv. 91 ; also of lard, ibid., 

® Ann. de Chim. d de Phys., 1854 [3], 41, 420. 

“ Rec. d. trav, chim. Pays-Bas, 18, 169. ’ Archiv d, Pkdrm., 1900 [238], 267. 
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that the triglycerides exist in two modifications. In the case of 
tristearin, for which the two melting points 55° C. and 71° C. had been 
observed, Guth'^ showed later on that well-crystallised tristearin has 
only one melting point, viz. 71*5° C., and he further pointed out that 
it exhibits the same melting point even after it has been melted, provided 
it be kept in the capillary tube for some time after melting. If, however, 
the tristearin was examined shortly after having been melted in the 
capillary or if it was introduced into the capillary in a liquid state and 
was then cooled rapidly, it exhibited two melting points. Guth further 
ascertained that at the lower temperature the substance would only 
melt completely when the capillary tube was very narrow, and the 
quantity of the substance very small ; on examining a somewhat larger 
quantity of tristearin in a comparatively wide capillary tube, complete 
melting did not occur at the lower temperature, the mass becoming 
only soft and translucent ; it then solidified again and finally melted 
at 71-5° C. to a clear liquid. The different behaviour of the crystalline 
tristearin on the one hand, and of the once fused tristearin on the other, 
was explained by Guth by the suggestion that the melted (at 55° C.) 
and rapidly solidified substance had not yet passed into the crystalline 
state, and behaved in a manner similar to that of under-cooled water 
(which has remained liquid below 0° C.) or a super-saturated solution 
of sodium sulphate. If the substance be then shaken or disturbed on 
raising the temperature, it solidifies again to its original state, the latent 
heat thus set free sufficing to melt the whole mass, if the quantity be 
small. If, however, the quantity of substance be large, the heat set 
free cannot effect complete melting, since the surrounding water still 
absorbs the liberated heat. Guth further showed that crystallised 
tripalmitin, as also stearodipalmitin and palmitodistearin, have one 
melting point only, but under conditions similar to those stated above 
for tristearin, they exhibited two melting points^ (cp. below). 

Griin and Sckacht,^ as also Bonier,'^ showed, however, independently 
of each other, that GutJis deductions are open to objections, and that 
the earlier views of Duffy and Heintz must be reinstated. Griin and 
Schacht state that the phenomenon of the double melting point must 
be ascribed to the actual existence of two isomeric modifications. 
They prepared three mixed glycerides, which were obtained both in 
an unstable (“labile”), lower melting modification, and in a stable 
(“stabile”), higher melting modification. The unstable form could 
be gradually converted into the stable form inoculating the former 
with a crystal of the stable modification ; it was not, however, possible 
to effect the reverse change. Nor was it found possible to decide 
whether the difference between unstable and stable forms may.be due 
to polymerisation, as the determinations of the molecular weight by 
means of the freezing and boiling point methods did not furnish decisive 
results. [The actual occurrence of two modifications was still more 

^ Zeits. /. Biologie, 44, 78 ; cp. Winnnel,\2iM7jt. /. analyL Ch^m., 1868 (vii.), 269, and 
A. Smits and S. C. Bokhorst, l^oc. k. Acad. v. Wefensch., Aniaterdain, 1912 (15), 681. 

^ Kreis and Hafner confirmed Guth’a observations {Berichte, 1893, 1125). 

3 Berichte, 1907, 1778 ; cp. Griin, Berichte, 1912, 3692. 

* Zeits. /. Untera. d.Nahrgs- u. Oenussm., 1907, xiv. 97 ; 1909, xvii. 362. 
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strikingly demonstrated in the case of a>a-dilaurin (see p. 13) and 
a-jS-y-laurodimyristin. Curiously enough, the liquid modification of 
a-a-dilaurin gave only half the theoretical value in the cryoscopic 
method of determining its molecular weight, a phenomenon which 
was also observed in the case of liquid trilaurin {Custodis^).^ 
Bom^r^ studied carefully the transformation of the unstable form of 
glycerides (especially of tristearin) into the stable form, and indicated 
explicitly the conditions under which the so-called “ first melting 
point ” can be observed. {Bmner proposes to term the first melting 
point “ transition point.”) The stable form is that crystalline form 
in which glycerides are obtained from solutions. In the case of pure 
glycerides the “ transition point” is almost identical with the solidifying- 
point of the “ crystallised form ” ; in the case of impure glycerides 
the “ transition point ” is lower. This can be verified experimentally 
by causing the labile form, obtained by rapid cooling of the solidified 
substance, to pass again into the stable form.^ This is done by warming 
the substance about 5° C. above the “ transition point ” and allowing 
the temperature to fall again within 5 to 10 minutes to the transition 
point (cp. Chap. XIL). In some cases, however (mutton tallow), 
the time of heating must be prolonged. Bomer considers that the 
melting point of glycerides which have been obtained from solutions 
in the crystalline form should be looked upon as the true melting point. 
(Pure glycerides have one and the same melting point whether they be 
obtained in the crystalline form from a solution or from the solidified, 
once melted crystals.) Outfits observations on tristearin are therefore 
readily explained by the fact that the tristearin examined by him was 
obtained in the crystalline state from a solution. 

In further confirmation it may be mentioned that well-crystallised 
brassidin shows one melting point only, even after it has been heated 
to about 40” C. above its melting point. 

In the light of Jaeger's ^ views, the unstable modification may be 
looked upon as a case of an anisotropic liquid phase, such as was observed 
in the case of phytosteryl-n- valerate.^ The case of a-a-dilaurin occurring 
in a liquid modification which is gradually converted into one of the 
two solid modifications of a-a-dilaurin {Custedis ®) would seem to confirm 
this. There are, however, some different modifications of glycerides 
known, the existence of which cannot be explained satisfactorily as yet. 
Such modifications are those of /3-lauro-a-y-distearin, jS-myristo-a-y- 
distearin, jS-myristo-a-y-dilaurin, and trinitroglycerin. 

The above described phenomena are in conflict with the physical 

^ Jnaug. Dissert., Ziiricli, 1909. 

- /cits. f. (Inters, d. Nahnjs- n. (hnnssm., 1907, xiv. 97 ; 1909, xvii. 302. 

The transition jioint is therefore that temperature at which the labile form passes 
into the stable form. Nitroglycerin also appears to occur in an unstable ami a stable 
form (see Chap. III.). 

^ Ree. d. trav. chim. Pays-Bas, 1906 [25], 346. 

Cp. al.so Knbvenagurs {Berichte, 1907, 515) “ motoisomerism,” and the curious 
phenomena observed in the cjise of alio- anil iso-cinnamic acids (Biilmann, Berichte, 1909, 
182, and Liebermann, ibid., 1909, 1028). Cp. also Griin, Berichte, 1912, 3692. 

^ Imiug. Dissert., Ziirich, 1909 ; Grun> Berichte, 1912, 3692. 
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law that melting and solidifying are reciprocal, reversible phenomena 
which take place at exactly the same temperature. This induced 
H. Le Chalelier and Mile Camignac ^ to study carefully the phenomenon 
of the so-called double melting point in the case of refined cocoa nut oil 
and stearin ; they conclude from their experiments that the fats do 
not occupy an exceptional position, and that the above physical law 
also holds good for them ; in other words, that in the case of fats also, 
melting and solidifying is a reversible process. The fats behave in a 
peculiar manner only in that respect that the velocity of the change is 
extremely slow. If the observation of melting and solidifying points 
be carried out with sufficient slowness, the reversible process takes 
place within 0-1 to 0*2 of a degree. If, however, it is done rapidly, 
greater variations occur. (Such greater rapidity is, of course, the 
usual feature of the laboratory process of determining the melting point 
of fats.) No fact was observed which leads to the assumption of the 
existence of several polymorphic varieties, although the possibility of 
their existence cannot be excluded. In that case, however, the problem 
would become much more complicated, as the number of phases in- 
creases, and no definite temperature can be found before all solid 
phases less one, have disappeared. The time necessary therefor must 
be very long, judging from the slowness of crystallisation of one single 
solid phase. {H, Le Gliatelier and MUe Cavaignac compare the slowness 
of the crystallisation of fats with that of the devitrification of glass.) 
The ordinary methods of observation of melting and solidifying points 
are therefore to a large extent influenced by (in other words, are 
functions of) the rapidity of heating and cooling. 

Whilst the temperature of the melting point remains approximately 
constant, and about 1° C. above the point of change of the reversible 
state (which should correspond with Botner’s “ transition point ”), 
the temperature of solidification, on the contrary, falls in proportion 
as the rapidity of cooling increases. The difference between the two 
temperatures increases, however, and reaches about 5° C. on the average, 
if the rapidity of cooling and heating varies between 4° C. and 40° C. 
per hour. 

Foreign substances have a decided influence on the melting point, 
and if they are present, fats exhibit a state of super-fusion. 

These views are not in complete agreement with those held by 
Bonier, and it would appear as if the conclusions depend to a great 
extent on the method employed in carrying out the experiments. As 
stated above, the melting point and solidifying point of pure glyperides 
should be identical, yet experiments published recently by Bomer and 
Limprich,'^ and reproduced in the following table, show that the “ transi- 
tion point ” of pure glycerides can be observed distinctly, and that the 
authors find therein fresh support for their view that the glycerides 
exist in two forms, viz. “ stabile ” and “ labile,’ V as pointed out above. 
They also observed (thus confirming Guih), that pure glycerides require 
some prolonged warming above the temperature of the “ transition 

* Compt. rend., 1918 (156), 589. 

® Zeits, f, Unters, d. Nahrgs- u, Qenussm,, 1913, xxv. 873. 
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point ” ' before tbe labile form of the glyceride has been converted 
completQly into the “ stabile ” form. If such prolonged warming has 
taken place the glycerides no longer show a “ transition point,” but 
exhibit melting points which are in full agreement with the melting 
points obtained for the “ stabile ” form. 



Melting 
Point t 
°C. 

“ Transition 
Point” 

“C. 

Solidifying 
Point 1 
“C. 

Commenced 
to solidify at 
“C. 

Melting Point 
of Glyceride 
heatoci above 
Its Transition 
Point, “0. 

Tristearin . . . 

73-2 

66-6 

63-6 

68 

73-6 

/S-Palmito-a-7-di8tearin‘^ 

61-6 
(64-0) " 

52-1 

49-7 

66 

63-4 

Stearodipalmitin 

68-1 

(48) ; 

46-9 

62 

68-5 

a-Palmito-/3-7-di8tearin^ 

68-4 

62-2 

600 

66 

68-6 

Stearodipalmitin ^ 

68'3 

48*2 

46-9 

53 

68-8 


The following triglycerides have been obtained hitherto in a state 
of pui'ity : — 


Simple Triglycerides 

(a) Simple Triglycerides of Saturated Fatty Acids 

Triformin, Formin, CgHgfO . CHO)3, is obtained from pure diformin 
(p. 12) by treating it with anhydrous formic acid {Romburgh^). It 
can also be isolated from the product obtained in the preparation of 
diformin. Triformin crystallises in needles melting at 18° C. In its 
liquid form it has the specific gravity 1-320 at 18° C. and n'f -1-44:12 ; 
it boils at 163° C. under 38 mm., and at 266° C. under 760 mm. pressure. 
On distilling triformin, under ordinary pressure very slowly, it is 
decomposed, with evolution of carbon monoxide and dioxide, into 
allyl formate, formic acid, and amyl alcohol, which distil over, whereas 
glycerol remains in the residue. Triformin is hydrolysed slowly by 
cold water, more rapidly by warm water. With ammonia and amides 
it yields the corresponding formamide and glycerol. 

Triacetin, Acetin, 03115(0 . 021130 ) 3 , is prepared by heating 20 c.c. 
of glycerol with 10 c.c. of acetic anhydride and 50 grms. of finely 
powdered hydrogen potassium sulphate. As soon as a violent reaction 
sets in, 20 c.c. more of acetic anhydride are added and the mixture 
is boiled for some time. The cooled mass is exhausted by means of 
ether, when a mixture of triacetin and diacetin is obtained, which can 

^ According to Poleiiske’s method, see Chap. V. 

^ Isolated from mutton tallow. ^ Isolated from lard. 

* When determining this point, the temperature of the bath in which the substance 
had been molted was kept for two hours at 68-69° C., was then allowed to cool to 40° C. 
and then heated afresh. Hence in the case of j3-palmito-a-7'distearin heating for about 
ten minntes at 62-55° C. does not suffice to convert the labile form of this glyceride 
completely into the stabile fornn Tristearin and a-palmito*/3-7-distearin on the other 
hand show in other cases the same melting points (cp. Bdmer, Zdts,/. Unters. d. Nahrgs- 
u, Oenunsm.y 1909 (17), 361). 

Proceed, k. Akad. v. Wetensch., Amsterdam, 1906, p. 109 ; Zeits. /. phys. Chem., 
1910 (70), 469 ; cp. also B6hal, Ann. de Ohm. et de Phys., 1900 (20), 411, and English 
patent 28,723, 1907 (Nitritfabrik Kdpenick). 
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be separated into its components by fractional distillation. Triacetin 
boils at 172°-172-6° C. under 40 mm. pressure, and at 258°-259® C. 
under ordinary pressure. Its specific gravity is 1-1603 at 15° C. (water 
15° G. = 1). It is miscible with alcohol, ether, chloroform, and benzene ; 
it is, however, insoluble in carbon bisulphide and in petroleum ether. 
It is only slightly soluble in water ; 100 c.c. of water dissolve 7-17 grms. 
of triacetin at 15° C. {Geitel ^). w V = 1-4328 {Partheil and v. Velsen). 
100 parts of cotton seed oil dissolve at the ordinary temperature about 
10 parts of triacetin ; 100 parts of butter fat dissolve, at 30° to 40° C., 
about 12 parts of triacetin {Fhicke'^). 

By the action of hydrobromic and hydrochloric acids on triacetm 
there are obtained a-a-dibromomonoacetin, a-a-dichloromonoacetin, 
a-j8-dichloromonoacetin, and a-monobromoacetin respectively {R. de la 
Acena^). On treatment with sodium iodide a-mono-iodo-acetin is 
obtained. 

Triacetin is stated ^ to occur in the oil of the seeds from Emnymus 
europcea (see table, Vol. IL Chap. XIV. “ Lesser Known Semi-drying 
Oils”). Acetin (as also mono- and di-acctin) is said to be employed 
for gelatinising, and lowering the freezing point of, nitroglycerin 
(cp. Vol. Ill, Chap. XV.). Triacetin acts as a narcotic and has poisonous 
properties. 

Tnhutyrin, Butyrin,^ ^3X15(0 . C4H70)3. Tributyrin is the first 
glyceride that has been prepared synthetically (by Pelouze and Gelis ®) 
by allowing gaseous hydrochloric acid or concentrated sulphuric acid to 
act on a mixture of butyric acid and glycerin. It is obtained on boiling 
one molecule of glycerol with three molecules of butyric acid for sixty 
hours {Lebed eff), or by heating dibutyrin with an excess of butyric 
acid for about twenty hours {Berthelot, Guth), or by allowing tribromo- 
hydrin and silver butyrate (Partheil and v. Velsen) to interact. Butyrin 
is a colourless liquid, does not solidify at -60° C., and distils unchanged 
under a pressure of 24 mm. at 182°-184° C., and under the ordinary 
pressure at 287°-288° C. The following specific gravities and refractive 
indices are given by = =0-9963 ; 

= 1-48587 ; =L42785 ; = 1-42015. The butyrin prepared 

by Guth indicated in the butyro-refractometer 12 “ degrees ” at 40° C. 
Butyrin is nearly insoluble in water, readily soluble in absolute alcohol 
and in 85 per cent alcohol, as also in the ordinary organic solvents. 
It is very doubtful whether butyrin occurs in butter fat as such ; most 
likely the butyric acid radicle forms a constituent of a mixed glyceride. 
The taste of butyrin is intensely bitter. 

Trivalerin, Valerin, C3H5(0 . C5ll90)3, obtained by heating syn- 
thetical divalerin with 8-10 parts of “ valeric ” acid to 220° C., is » 
soluble in alcohol and ether. Valerin is said to be a characteristic 
constituent of dolphin and porpoise oils (see Vol. II. Chap. XIV.). 

^ Joiirn, f. prakt. Ckeni, 55, 420. 

- Zdts. f. Unlers. d. Nahnjs- u. Gemissm.^ 190M, xvi. 6G7. 

^ Chem. Ccntralbl., 1905, i. 12. ^ Schweizer, Jahresb. f. 1857, 444. 

® Triisolnityrhi ])oils under the ordinary pressure ut 282'’-284“ C., under a pressure 
of 24 ram, at 173°-176° C. In the butyro-refractometer it indicates 10-2 “ degrees ” at 
40° C. * Notiv, Ann. de Chim. et de Phys., 1884 (10), 465. 
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Tncaproin, Caproin, 031X5(0 . C5HiiO)3, prepared synthetically 
from glycerol and caproic acid, is a colourless, tasteless, and odourless 
liquid, solidifying at about -60° 0., and liquefying at about -25° 0. 
The following constants were determined by Scheij : — Specific gravity : 

=0*9817 ; =0*9651 ; =0*9494. Kefractive index : = 

1*44265; wV = 1*43502; = 1*42715. Caproin is miscible with 

85 per cent alcohol, and the usual organic solvents at the ordinary 
temperature. It was stated to occur in cow butter, in cocoa nut and 
palm nut oils, and in elderberry oil ; but most likely the caproic acid 
radicle forms a constituent of a mixed glyceride. 

Tricaprylin, Caprylin, 03X15(0 . C8Hj50)3, obtained by heating 
glycerol with caprylic acid, is a colourless, tasteless, and odourless 
liquid, solidifying at -15° 0. and melting at 8°-8*3° 0. Its specific 
gravity, determined by Scheij, is : (l\^ =0*9540 ; =0*9382 ; = 

0*9231; its refractive index: w-d” = 1*44817 ; = 1*44069; = 

1*43316. At the ordinary temperature caprylin is miscible with 
85 per cent alcoliol, as also with the usual organic solvents. Mixed 
glycerides containing the caprylic acid radicle form a characteristic 
constituent of cow butter, cocoa nut oil, palm nut oil, and elderberry 
oil. 

Tricaprin, Caprin, 031X5(0 . CjqIXi 90)3, has been prepared syntheti- 
cally in the same manner as the two preceding glycerides. It forms 
crystals, melting at 31*1° 0. Its specific gravity is =0*9205; 
d ^ 0 . _ 0* 9057 ; its refractive index n V = 1 -4446 1 ; n V = 1 *43697 . 
Caprin is .soluble in the usual fat solvents at the ordinary temperature. 
It dissolves .sparingly in absolute alcohol ; in the hot it is, however, 
easily soluble in this menstruum. Mixed glycerides containing the 
capric acid radicle form a characteristic constituent of cow butter, of 
cocoa nut and palm nut oils, of elderberry oil, and e.specially of elm 
seed oil, which is stated to yield 50 per cent of capric acid. 

Trilaurin, Laurin, “ Laurostearm,'’ 031X5(0 , Ci2H23^)3> 
isolated from pichurim beans,^ from laurel oil,^ and from cocoa nut 
oil ^ by boiling the raw inatei ial with alcohol, or by fractional distillation 
of laurel oil in vacuo {Kraffl “*), or by crystallising tangkallak fat from 
ether {van Eldik Thieme^). According to Sack, it occurs also in the 
fat of the kernels of the Macasuba palm, “ Kaumakka,” {Acrocomia 
sclerocarpa, Mart.), and in the fruits of Badris Plumenana, Mart, 
(see Vol. XI. Ohap. XIV.). It is also stated to occur in the liver fat of a 
crustacean.® Scheij prepared it synthetically from glycerol and lauric 
aci^ ; and Partheil and v. Velsen from tribromohydrin and silver 
laurate. It crystallises in needles, melting at 45° C. ; 46*4° C. {Scheij). 
After being heated a few degrees above its melting point and allowed 
to ’solidify, it exhibits a lower melting point. Trilaurin prepared from 
the liquid a-a-dilaurin^gave]|a liquid trilaurin which, curiously enough, 

' Stahiner, Luhit/s Annal., 184.'> (53), 390. 

Marsson, Liebig's A nnal., 1840(41), 330. 

^ Gurgoy, Liebig's Annal., 1848 (66), 290. 

‘‘ Berkhte, 1903, 4343. 

® Proceed, k. Akad. v. WetenseJu, Amsterdam, 1908, 855 ; Jonrn. f. prakt. Chem., 
1912 (86), 285. ® Chem. Zeit., 1895, 651. 
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gave in the cryoscopic method of determinating the molecular weight 
only half the theoretical value, whereas trilaurin prepared from the 
solid a-a-dilaurin, furnished normal trilaurin of the melting point 45° C. 
and of normal molecular weight {GusU}dis ^). The specific gravity of 
trilaurin is dY’ = 0-8944 {Scheij) ; = 0*8687 (Partheilandv* Velsen) ; 

its refractive index «V = l'i4039. In the butyro-refractometer it 
indicates 31-5 “ degrees ” at 45° C. ; 29 “ degrees ” at 50° C., and 24 
“ degrees ” at 60° C. {Partheil and v. Velsen). It is sparingly soluble 
in cold absolute alcohol, but dissolves readily in ether. Trilaurin boils 
in vacuo at 260°-275° C. (Krafft^). Laurin is a characteristic con- 
stituent of laurel oil and especially of the fats belonging to the 
“ cocoa nut oil group ” and the “ Dika Fat Group ” (see Vol. II. 
Chap. XIV.). 

Trimyristin, Myristin, € 3115(0 . € 1411270 ) 3 , occurs chiefly in the fats 
belonging to the “ Myristica Group ” (see Vol. II. Chap. XIV.). Virola 
fat consists to a very great extent, and ochoco fat almost exclusively, 
of myristin. Smaller quantities of this glyceride (perhaps in the 
form of a mixed glyceride) occur in human fat, lard, and butter fat. 
It has also been found in cochineal wax. Myristin has been obtained 
by fractional distillation of nutmeg butter in vacuo {Krafft ^) ; it has 
also been prepared synthetically by the general methods described 
above. It crystallises from its ethereal solution in laminae, melting 
at 56-5° €. (Scheij), 54°-55° €. (Thoms and Mannich ®). When melted 
trimyristin is heated to 57°-58° €., it solidifies to a porcelain-like mass, 
melting at 45°-55° €. ; on raising the temperature slightly for a very 
short time, it solidifies and regains the original melting point, viz. 
56-5° €. On warming the porcelain-like mass in a bath having the 
temperature of 35°-45° €. it softens, becomes milky and solidifies, to 
melt again at 56-6° €. Trimyristin boils in va^no from 290°-300° €. 
(Krafft 2). Its specific gravity is =0*8848 and its refractive index 

= 1*44285. Trimyristin is easily soluble in ether, benzene, chloro- 
form, and hot absolute alcohol. 

Trifolmitin, Pahnitin, € 3115(0 . € 4311310 ) 3 , was discovered by 
Fremy, and was for a long time known as “ margarin,” especially in the 
French Hterature. It is obtained synthetically by heating (1) mono- 
palmitin or dipalmitin with palmitic acid ; (2) a mixture of glycerol 
and palmitic acid ; (3) tribromohydrin with sodium (or silver) palmi- 
tate. It dissolves with very great difficulty .in cold alcohol, more 
easily in hot alcohol ; it is also sparingly soluble in cold ether. From 
hot ether it crystallises in needles, melting at 63°-64° €. (Chittenden ) ; 
65*1° €. (Scheij) ; 65*5° C. (Guth), 65° €. (Bomer^), and solidifying at 
45°-47° €. If the crystals are heated to 70° €. and allowed to solidify, 
they melt a little above 45° €., then solidify again, and finally melt* at 
65-1° €.® Tripalmitin boils in vacuo from 310° to 320° €. with decom- 
position (Krafft). If the heating bath be kept above 360° €., palmitin 

1 Inauff. Dissert., Ziirich, 1909 ; Grun, Berichte, 1912, 3693. 

2 Berichte, 1903, 4343. ^ Ber. d. dentsch. pharm. Oesellsch., 1901, 264. 

* Joum. Cheni. Soc,, 1909, 8 .') 6 . 

° Cp. K. Eremanu and R. Schoulz., Monatsh., 1912 (83), 1068. 
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distils in vacuo at 280° C. {Caldwell and Hurtley ^). The specific gravity 
is the refractive index = 1'43807. Tripalmitin 

occurs in many oils and fats, and is the preponderant constituent of 
palm oil, Japan wax, and myrtle wax. 

Triheptadecylin, Heptadecylin, C3H5( 0.01711330)3, prepared syn- 
thetically by Bomer and Limprich^ from heptadecylic acid, melts at 
62*7° C. (transition point 51*0° C.). It crystallises from ether in micro- 
scopical needles, arranged in druses. 100 c.c. of ether dissolve at 
0° C. 0-0288 grms. and at 16° 0. 0*322 triheptadecylin. 

Tristearin, Stearin, 03115(0.01311350)3, is obtained by heating 
(1) monostearin with 15-20 parts of stearic acid for three hours at 
275° 0. (Berthelot) ; (2) glycerol with An excess of stearic acid (Scheij ) ; 
(3) distearin with stearic acid {Guth) ; (4) tribromohydrin with silver 
or sodium stearate {Partheil and v. Velsen; Guth). Stearin is less 
soluble in cold alcohol than is palmitin ; from solutions of tristearin 
in boiling alcohol the dissolved substance separates nearly completely 
on cooling. It dissolves sparingly in cold ether and cold petroleum 
ether (more readily if the solvents are heated) ; in benzene and chloro- 
form it dissolves readily in the cold. The stearin obtained by crystal- 
lisation from ether melts at 71*6° C., 72*2° C. {Bomer ^), and solidifies 
at 70° C. to an indistinctly crystalline mass. The crystallised stearin 
exhibits only one melting point ; if the crystals are heated above this 
melting point— by at least four degrees — they solidify at about 62° C. 
to a wax-like substance, melting at 56° C. ; on further heating a few 
degrees above this latter point, the melting point 71-6° C. is again 
observed.^ The specific gravity of a (not quite pure) specimen of 
stearin in the melted state was found to be 0*9235 at 65*5° C. ; Scheij 
gives =0*8621. The refractive index is 1*43987 {Scheij). Stearin 
indicates in the butyro-refractometer 34 “ degrees ” at 65° C., and 
23*5-24*5 “ degrees ” at 75° C. {Partheil and v. Velsen ; Guth). It 
distils unchanged in vacuo {Chevreul). Stearin occurs chiefly in 
solid fats. Bomer ® found in beef tallow only \\ per cent and in mutton 
tallow only. 3 per cent of pure stearin. 

The (partial) conversion of stearin into ethyl stearate by boiling 
with a solution of sodium in absolute alcohol was first observed by 
Duffy ; ® the same change was noted by Bouis ^ on heating stearin with 
small quantities of alcoholic potash, insufficient to effect complete 
saponification. On substituting amyl alcohol for ethyl alcohol, amyl 
stearate is obtained (cp. p. 102). By the interaction of tristearin with 
cjilorosulphonic acid there are obtained amongst other non-identified 
products distearin and stearic acid {Corelli ®). 

Triarachin, Arachin,^ 03115(0. €2011330)3, (prepared by Berthelot 

^ Journ. Chem. Soc., 1909, 866. 

* f. Unters. d. Nahrgs' u. Qenussm., 1912, xxiii. 663. 

» Ibid., 1909, xvii. 364. 

* Cp. R. Kremann and R. Schoiilz., Monatsh., 1912 (33), 1063. 

“ Zeits.f. Unters. d. Nahrgs- u. Oenussm., 1907, xiv. 90. 

Journ. Ohem. Soc., 1852, 303. ’ Oompt. rend., 1862 (46), 35. 

® Inaug. Dissert., Zurich, 1909. 

® It may be pointed out that Moser {Landw. Versuchst., 1904, 321) gave the name 
“ arachin ” to an alkaloid found by him in the seeds of Arachis hypogaea. 
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from diarachin and arachidic acid) is very slightly soluble in ether. 
Arachin occurs (most likely as a mixed glyceride) in arachis oil, and 
in smaller quantities in rape oil and butter fat. 

Tricerotin, Cerotin, 03115(0. C26H5iO)3, has been prepared by Marie 
from dicerotin. It crystallises in slender needles, melting at 76'5”- 
77° C. Cerotin is stated to occur in the fatty oil from Aspidium Filix 
mas} 

Trimelissin, Melissin, 03115(0.03111530)3, obtained from dimelissin 
{Marie ^), resembles cerotin ; it melts at 89° 0. Hitherto it has not 
been found in nature. 

(b) Simple Triglycerides of Unsaturated Fatty Acids, C,jH2ii-2^2 

Triolein, Olein, C3Hg(0.CigH330)3, is obtained by heating glycerol 
with an excess of oleic acid at 240° 0. for four hours (Berthelot) ; it 
may also be prepared by heating tribromohydrin with sodium olcate 
in a sealed tube to 180° 0. Pottevin ^ prepared olein by the action of 
pancreatic ferment on mixtures of mono-olein and oleic acid at 36° C. 
Olein is an almost colourless, tasteless liquid, which solidifies at - 4° to 
- 5° C. On standing for several weeks, triolein solidifies at the ordinary 
temperature to an opaque mass (Guth). Olein distils in vacuo without 
decomposition {Chevreul). According to Caldwell and Hartley^ the 
distillation of olein commences in vacuo at 230° C. if the temperature 
of the bath surrounding the olein is kept at 350° C. The specific 
gravity of olein at 15° C. is 0-900. In the butyro-refractometer it 
indicates 56-5 “ degrees ” at 40° C. It dissolves easily in ether and is 
more readily soluble in absolute alcohol than either palmitin or stearin ; 
it is insoluble in dilute alcohol. 

Olein combines with concentrated sulphuric acid to form a saturated 
compound having the formula (C3H5)2(0.CigH340.S04. 
this substance is very unstable, and, on treatment with alcohol, is 
partly dissociated into H2SO4 and K-hydroxystearic acid. Olein is 
converted into elaidin under the same conditions under which oleic 
acid is converted by nitrous acid into elai'dic acid (p. 188). Olein absorbs 
bromine and iodine quantitatively to form hexabromo-olein and hexa- 
iodo-olein (see Chap. VI.). In an atmosphere of ozone olein absorbs 
ozone, and forms the ozonide of olein {Molinari and Fenaroli ; Harries ; 
cp. Chap. III.). 

Triolein-ozonide, C57HJQ4OJ5, is best prepared by passing a current 
of ozonised air through triolein dissolved in (petroleum) hexane, and 
driving off the solvent by warming the product of reaction on a water- 
bath in vacuo. The product represents a viscous, almost jelly-like, 
colourless oil, soluble in ether, acetic acid, benzene, and chloroform. 
It is decomposed by heating to 136° C. By treating with concentrated 
alcoholic caustic potash, in addition to azelaic and nonylic acids, are 
obtained glycerol ® (cp. “ Oleic Acid,” Chap. III.).,^ 

^ Arch. d. Pharw.., 1898,655. ^ Jmtrn. Cfiem. Soc,, 1896, Abstr. i, 347. 

^ Compt. rend., 1904 (138), 378. ■* Journ. Chein. Soc., 1909, 866. 

® Cp. also Juilianl, Journ. Soc. Chevi. Ind., 1894, 820, and below Chap. II. 

® Molinari and Fenaroli, Berichte, 1908, 2790. 
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For the interaction of olein and mercuric acetate in acetic acid 
solution, cp. A. Leys} 

Olein occurs (probably as a mixed glyceride in many cases) in most 
oils and fats ; in preponderating quantity in the non-drying oils. Coula 
oil is stated to consist of almost pure olein.^ 

Trielaidin, Eldidiriy €3115(0.01811330)3, crystallises in warts, melt- 
ing point 32*^ C. {Mayer), 38° C. (Duffy). It dissolves readily in ether, 
but is nearly insoluble in alcohol. 

Trierucin, Erncin, €3115(0.02211410)3, prepared by heating dierucin 
with erucic acid to 300° €., forms a crystalline mass, melting at 31° 0. 
It is nearly insoluble in cold alcohol, but dissolves somewhat easily in 
boiling absolute alcohol ; it dissolves very readily in ether, benzene, 
and petroleum ether. Nitrous acid converts trierucin into tribrassidin. 
Erucin (in many cases probably a mixed glyceride containing the 
radicle of erucic acid), is a characteristic constituent of the oils belonging 
to the rape oil class. The solid constituent of the oil from Trofcoolum 
mxijus is almost pure trierucin (Gadamer ^). 

Tribrassidin, Brassidin, €3115(0. €2211410)3, is a crystalline powder 
melting at 54°-54-5° €. If pure brassidin is heated above its melting 
point, even to 100° €., it still melts after cooling at 54°-54'5° €. 

Tri'petroselinin, Petroselinin, €3115(0. €1811330)3, is obtained from 
parsley-seed oil as a crystalline mass, melting at 32° €., and solidifying 
at 10-50° €. ; = 14,619 ( Vongerichten and Kohler ^). The iodine value 

of petroselinin was found at 84-3 (Theory for Olein, 86-2). 

The following two (less unsaturated) triglycerides have been prepared 
synthetically. 

Tristearolin, Stearolin, €3115(0 . €1311310)3, obtained by heating 
trichlorohydrin with sodium stearolate to 190°-200° C. in a sealed tube, 
melts after recrystallisation at 29° €. 

Hexabromotristearolin, €3H5(0.€i8ll3iBr20)3, is obtained by allow- 
ing bromine in a solution of carbon bisulphide to act on tristearolin 
(Quensell ^). 

Epistearolhydrin, €H2 - €H - €Il2(0.€i8H3i0), obtained by heat- 

\/ 

0 

ing epichlorohydrin with sodium stearolate to 160° €., melts at 36° €. 

Tribehenolin, Behenoh’n, €3115 (0.02211390)3, obtained by heating 
trichlorohydrin with sodium behenolate in a sealed tube to 240° €., 
in an atmosphere of carbon dioxide, crystallises from alcohol in shining 
white leaflets, melting at 41° €. (Quensell ®). 

The trickhro-iodo-behenoUn, €3115(0. €22H39€1I0)2, obtained from 
the chloroform layer in HubTs test formed a thick oil (Quensell). 

Epibehenolhydrin, €H2 . €H . CH2(0€22H390), obtained by heating 

0 

^ Bull. Soc. Chim., 1907 (iv.), 643 ; cp. also Jovm. de Pharm. d Chim., 1907 (26), 
289 ; Linii)rich, 7naug» Dissert,, Minister i/W., 1912, 

3 Journ. Soc. Cl>^m. Ind., 1895, 493. ^ Arch. d. Pharm., 1899 (237), 472. 

* Berichte, 1900, 1638. “ Ibid., 1909, 2445. 
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lichlorohydrin with sodium behenolate, and crystallised from petro- 
leum ether or alcohol, melts at 43 ° C. 

(c) Smple Triglycerides of HydroxyUted Fatty Acids, C„H2n-203 

Triricinolein, Ricinolein, 03115(0. Ci8H3302)3, occurs in castor oil. 
Ei^cinolein has been synthesised by heating glycerol with an excess of 
dcinoleic acid to 230 ° C. for six hours, unchanged glycerol and ricinoleic 
icid being removed by water and petroleum ether respectively.^ If 
pressure and high temperature be employed, as is done in Berthelot's 
DQethod, condensation products of mono- and diricinolein are formed, 
the simplest of which is isomeric with triricinolein, and has the formula 
OH . C17H32 . COO . C17H32 . COO . C 3 H 5 (Ci 7 H 32 . COOH )2. 

When triricinolein is heated in a solution of toluene, with or without 
sine chloride, it is condensed to several esters (e.g. that represented 
3y the formula [(0 H.Ci7H32.C00)2C3H5.Ci 7H32.C0]20), which are 
lifEerentiated from triricinolein by their sparing solubility in alcohol 
ind petroleum ether. 

H. Meyer ^ describes triricinolein (prepared by heating ricinoleic acid 
ind glycerol in a current of carbon dioxide to 280 °- 300 ° C.) as a colour- 
ess oil (of the specific gravity 0 - 959 - 0-984 and having [o]jy= + 5 * 16 °), 
joluble in 96 per cent alcohol, and in methyl alcohol ; miscible with 
ibsolute alcohol and glacial acetic acid ; sparingly soluble in petroleum 
jther. Unlike castor oil, it does not form ricinelai'din with nitrous acid. 
3n keeping, it is stated to undergo polymerisation, the molecule becom- 
ng doubled or trebled, as is indicated by the increase of the specific 
gravity to 0 * 988 -l' 009 , and the decrease of the iodine value from 71-84 
;o 44-7 (cp., however, “ Castor Oil,” Vol. II. Chap. XIV.). 

The hydroxyl groups in the fatty acid radicles of ricinolein may be 
sombined in their turn with acid radicles, so as to form esters. Lidoff ® 
)repared the esters of formic, acetic, and stearic acids. The last-named 
compound having the composition C3H5[0.Ci8H320(0.Ci8H350)]3 
las also been synthesised by Twitchell.^ The preparation of allophanic 
isters of ricinolein has been patented by Vereinigte Chininfabriken 
Zimmer d Oo.^ 

Triricineldidin, Ricinelaidin, C3H5(0 . Ci8H3302)3, obtained by treat>- 
ng ricinolein (castor oil) with nitrous acid, crystallises in warts, which 
lissolve with difficulty in cold alcohol (Playfair ®). 

Mixed Triglycerides 

Mixed triglycerides occur in the natural oils and fats to a very con- 
iderable extent ; in fact, it appears that they form the bulk of the vast* 
aajority of natural oils and fats. Their isolation from the natural 
»roducttf causes considerable difficulties, inasmuch as it would seem 

1 Juillard, Journ. Chem. Soc., 1895, Abstr. i. 500. 

, 2 Journ. Soc. Chem, Ind., 1897, 633, 684. 

* Chon. Revue, 1900, 127. ■* Journ. Amer. Chem. Soc., 1906, 196. 

® German patent 211,197 (1907). 

« Liebig's Annul., 1847 (60), 322. 
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that the natural mixed glycerides undergo intramolecular changes 
whilst being treated with solvents. 

The synthetically prepared mixed triglycerides were obtained by 
methods similar to those employed in the preparation of simple tri- 
glycerides. It must, however, be pointed out that the products by no 
means represent the pure individuals aimed at. Thus Kreis and Hafner ^ 
state that when oleic acid is allowed to act on distearin or dipalmitin, 
considerable quantities of tristearin and tripalmitin are formed, whilst 
the yield of oleodistearin and oleodipalmitin is small. Furthermore 
Bomer has shown that the palmitodistearins (see below) described as 
pure substances still contained very considerable proportions of tri- 
stearin. 

It would therefore follow that in the course of synthesising mixed 
glycerides by means of the methods described p. 11, intramolecular 
changes occur, which lead to the production of by-products and that all 
conclusions, based on identical melting points, as to the constitution 
must be considered as premature.^ 

Synthetically prepared mixed triglycerides also result in the course 
of the manufacture of hydrogenised fats (see below p. 59 and Vol. III. 
Chap. XV. “ Hydrogenised (Hardened) Fats ”). Theoretically all 
possible isomerides may be formed, so that triolein would yield tristearin 
on complete reduction of the oleic acid radicles, whilst less complete 
reduction would lead to the formation of monostearodi-olein and 
distearomono-olein. 

A general method (proposed by Grun and Schachi ^) for preparing 
mixed glycerides containing two different acid radicles consists in heating 
diglycerides with the anhydride of a fatty acid. Thus jS-oleo-a-a-distearin 
was prepared by heating a-a-distearin and oleic anhydride under a 
pressure of 20*25 mm. to 170° C. for six hours, whilst a current of carbon 
dioxide was passed through the heated mass. 

A general method for synthesising mixed triglycerides containing 
three different fatty acid radicles — which following the denomination 
adopted above (p. 18), are fixed by the positions a, and y — consists 
in replacing in the molecule of a-monochlorohydrin, C3H5CI. (OH)(OH), 
at first the hydroxyl in the y-position,then the chlorine in the a-position, 
and finally the hydroxyl group in the j8-position successively by the 
acid, radicles of three different fatty acids. Thus by allowing a-chloro- 
hydrin to react with lauric chloride, there is obtained exclusively the 
diglyceTide—a-chloro-y-laurin.^ (The y-position of the lauric acid 
radicle is proved by the fact, that on replacing the chlorine atom by 
the hydroxyl group, a-monolaurin results.) By the action of potassium 
myristate the mixed diglyceride a-myristo-y-laurin is formed, which, in 
its turn, by heating with stearic chloride, is converted into the mixed 
triglyceride a-myristo-^-stearo-y-laurin. The latter may, of course, 
also be described as a-lauro-p-stearo-y-myristin. By varying the order 
in which the fatty acid raicles are introduced, the three isomerides 

1 Berichte, 1903, 2766. 

2 Cp. Lewkowitsch Conference, Bull. Soc. Ghim. de Frame, 1909, iv. 

^ BericMe, 1907, 14, '* Grlin and von Skopnik, BericfUc, 1909, 8751. 
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denominated by the general formulse ( 3 ), ( 4 ), and ( 5 ) on p. 18 , can be 
obtained. The three isomeric triglycerides indicated by theory for a 
triglyceride containing three different fatty acid radicles (p. 18 ), have 
been actually prepared in the case of the triglyceride of lauric, myristic, 
and stearic acids (see below). 

It is noteworthy that a mixture of any two of the three isomerides, 
as also a mixture of all three isomerides, melt somewhat indistinctly, 
but in no case does the melting point lie below that of any of the com- 
ponents of the mixture, the melting point of any mixture lying between 
the melting points of the several components. 

In order to place before the reader the configuration of the mixed 
glycerides described below in a synoptical manner, the positions of the 
several fatty acid radicles in the glycerol molecule will be denominated 
(cp. p. 11) by the letters a, jS, y, thus : — 

O.Ha 

C,H,O.Hi8 

O.H 7 

(a) Mixed Triglycerides containing Acid Radicles of Saturated 
Fatty Acids only 

a-Aceto-^-y'diformin, a-AcetodiJormin, 03115(0 . C2H3O) (0 . C0H)2, 
obtained by the action of the mixed anhydride of formic and acetic 
acids, CH3 . 00 . 0 . CHO,^ on glycerol, is miscible with alcohol and 
ether in every proportion. = 1 - 249 . Under a pressure of 27 mm. 
it boils at 0. 

^-Acelo-a-y-dihutijriny 03115(0 . C4H70)(0 . 02H30)(0 . C4H7O), ob- 
tained by the interaction of acetodichlorohydrin and sodium butyrate, 
or by the action of a-a-dibutyrin on acetyl chloride, is a colourless oil 
of faint ethereal smell and aromatic bitter taste. It is miscible with 
alcohol and ether in every proportion. Under the ordinary pressure 
it boils at 289 ^^- 290 '^ 0 ., and under a pressure of 16 mm. at 173 °- 175 ° 0 . 
In the butyro-refractometcr it indicates 5-3 “ degrees ” at 40 ° C. 

p-Aceto-a-ydilauriny 03115(0 . C42H230)(0 . C2H30)(0 . C42H23O), 
obtained from solid a-a-dilaurin by heating it with acetic anhydride, 
crystallises from a mixture of ether and alcohol in white needles 
(Custodis). 

^-Aceto-a-y-dimyristin, 03115(0 . C44H270)(0 . C2ll30)(0 . C14H27O), 
obtained^ by heating a-a-dimyristin with acetic anhydride for four 
hours, crystallises from ether partly in shining needles, melting 41 * 5 ° C., 
and partly in indistinct spheroidal crystals melting at 46 - 5 ° 0 . 

a -Aceto- ^ - y-dipahiilin, C3H5 ( 0 . C2HgO ) ( 0 . OjgHgj 0 ) ( 0 . CigHgiO ) , 
prepared ^ by heating dipalmito-a-chlorohydrin, O3H5CI .(0 . OiqH3j^O) 2 
[obtained from palmitic acid and a-chlorohydrin disulphonic ester, 
CjHgC^O . 80311)2], with silver acetate in a sealed tube at 140 ° 0 . for 
three hours, melts at 67 ° 0 . 

p-Aceto-a-y-dipalmitin, 03115(0 . 0i8H3iO)(O . C2H30)(0 . CigHgjO), 
obtained ® by heating a-a-dipalmitin with acetic anhydride, melts in its 

1 Behai, Cm}ipt. rend., 1899, 128, 1460. 

“ Griia and Schacht, Berichte, 1907, 1786. 


Griin, Berichte, 1905, 2286. 
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crystalline state at 49° C. and solidifies at 29° C. The once melted 
crystals have the (constant) melting point of 33° C. 

a-Aceto- ^-y-disteann, 03115(0 . C2H30)(0 . C^gHj^O) (0 . CigHjjgO), ob- 
tained ^ by heating j3-y-distearo-a-chlorohydrin with silver acetate and 
acetic anhydride in a scaled tube to 140° C., crystallises from alcohol 
in the form of druses, melting at 44° C., and after solidification at 43° 0. 
After several weeks the melting point rose to 48° 0., but after the melted 
substance had solidified, the melting point was again 43° 0. 

^-Aceto-a-y-distearin, 03115(0 . 0i8H35O)(O . 02H30)(0 . OjgHggO), 
obtained ^ by heating a-a-distearin for four hours with acetic anhydride, 
forms white crystals, readily soluble in ether and chloroform, sparingly 
soluble in alcohol melting at 56*6° 0. 

p-Lauro-a-y-dwiyristm, 03H5(0 . 014H27O) (0 . 012H23O) (0 . 014H27O ), 
obtained® from a-a-dimyristin and lauryl chloride, forms micro- 
crystalline, white granules melting at 46-5° 0. A second modification 
of this glyceride, which melted at 36*6° 0., is stated to have been isolated 
from the mother liquor of the crystals melting at 46-5° C. , 

a-Lauro- ^-y-dimyristin, €3115(0 . C12H23O) (0 . C14H27O ) (0 . C14H27O ) , 
is formed, together with jS-myristo*a-y-dilaurin (see below), by allowing 
rnyristyl chloride to act on a-a-dilaurin.^ It is also obtained ^ by the 
action of dimyristo-.a-chlorohydrin on potassium laiirate. The product 
■furnished by the former method is liquid, that obtained by the latter 
method is crystalline and melts at 45° C., and after solidification at 
42*5° C. After several weeks’ standing it melts at 43-5° C., and after 
solidification at 40° 0. 

a-Myristo- p-y-dilaurin, €3115(0 . €4411270 ) (0 . €4211230 ) ( 0 , €1211230 ) , 
prepared ® from dilauro-a-chlorohydrin and potassium myristate, 
crystallises from alcohol in needles, melting at 41° €., and after solidifica- 
tion at 36-5° €. 

^-Mijristo-a-y-dilaunn, €3115(0 . €i2H^0)(0. €1411270 )(0 . €1211230), 
is obtained,’^ together with a-lauro-jS-y-dimyristin (see above), by the 
actionof rnyristyl chloride on a-a-dilaurin, in two isomeric modifications: 
— viz. a labile form crystallising in white plates, melting at 32° €., and 
a stable form^ representing a microcrystalline powder, melting at 
32-38'5° €., and after solidification at 36-5° €. The stable form is more 
sparingly soluble in all solvents than the labile form. The latter can 
be gradually converted into the stable form by inoculating an ethereal 
solution of the labile form with crystals of the stable form. 

a-Siearo- y-dilaurin, €3115(0 . €i8H350)(0 . €i2H230) (0 . €1211230), 
obtained ® from dilauro-a-chlorohydrin and potassium stearate, crystal- 
lises from alcohol in fine needles, melting at 46° €,, and after solidifica- 
tion at 44° €. 

Stearo- a- y-dilaurin, €3115(0 . €i2H230 ) (0 . €1811350 ) (0 . €1211230 ) , 
obtained, together with a-lauro-j8-y-distearin, by the action of stearyl 
chloride on dilaurin, forms small white crystals, melting at 37-5° C. 

^ Griin and Theiiner, Berichte, 1907, 1795. * GrUn and Sohaclit, ibid., 1907, 1781. 

’ 1907, 1787. * /ftiii., 1907, 1790. ® Griin and Tlieimer, ifiid., 1907, 1798. 

® Ibid., 1907, 1799. Griin and Schacht, ibid., 1907, 1790. 

® Griin and Theimer, ibid., 1907, 1799. 
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a-Lauro~p-y-distea/rin, 03115(0 . Ci2H230)(0 . Ci3Hg50)(0 . CigHggO), 
obtained,^ together with j8-stearo-a-y-dilaurin, by the action of stearyl 
chloride on dilaurin, melts at 52*5° C. ; after being kept for some time 
its melting point rose to 69-5° C. The product, prepared by heating 
a-chloro-distearin with potassium laurate to 175°-180° 0. in a current 
of carbon dioxide for six hours, melted in its crystalline state at 49° C., 
and after solidification at 47° 0.^ 

^-Lauro-a-y-distearin, C3H5(0.Ci3H350)(0. Ci2H230)(0. CigHggO), 
is obtained from a-a-distearin and lauric anhydride (prepared from lauric 
acid and acetic anhydride). On crystallising the product from alcohol 
to remove distearin and lauric acid, and recrystallising repeatedly from 
ether (30 to 35 times), two isomeric modifications are obtained — viz. a 
labile form, melting at 53*5° C., and a stable form, melting at 68-5° C. 
By inoculating the alcohol-ether solution of the labile form with crystals 
of the stable form, the former can be converted completely into the 
higher melting isomeride. In the cryoscopic determination of the 
molecular weight the stable form showed double the molecular weight ; 
in the “ boiling point ” method uncertain results were found. The 
stable form could not be converted into the labile form. 

a- Lauro- ^-stearo- y~myristin, 03115(0 . 012^^23^) (^-^14 

H27O), prepared ^ by heating the diglyceride a-lauro-y-myristin with 
stearyl chloride, crystallises in flocks melting at 37°-38° 0. ; after 
solidification the mass melts at 35° 0. 

a-Stearo- ^-myri$to-y-launn, 03115(0. CigH350)(0.Ci7H270)(0. 0^2 
H23O), similarly obtained from the diglyceride : a-stearo-y-laurin and 
myristyl chloride,^ crystallises in granular masses melting at 48°-49° 0. ; 
after keeping for some time the crystals melt at 46° 0. The solidified 
mass melts again at 44°-45° 0. 

a-Stearo- ^-lauro- O3H5 ( OOigHggO ) ( OCigHggO ) ( 0 . C14H27O ) , 

prepared ^ from the diglyceride a-stearo-y-myristin and lauryl chloride, 
forms indistinct crystals, melting at 42° 0. ; the solidified mass melts 
at 32° 0 

a-Myristo- ^-y-dislearin, 03115(0 . 0i4H270)(0 . 018H35O) (0 . OigHggO), 
is prepared ® by heating a-chloro-distearin with dry potassium myristate 
to 175°-180° 0. in a current of carbon dioxide for six hours. It crystal- 
lises from alcohol (in which it is very sparingly soluble) in needles, 
melting at 52° and 62° 0., and after solidification at 59° 0. 

p-Myristo-a-y'distearin, 03115(0. 0j8ll350)(0 . 0^H27O) (0 . O^gH^O), 
is obtained ^ from a-a-distearin and myristic anhydride in two modifica- 
tions : — a labile form (melting point 57° 0., after solidification 55-5°) 
and a stable form (melting point 58-8° and 65° 0., after solidification 
58*5° 0. ). The two forms are separated by repeated recrystallisations — 
35 to 40 times — from ether, chloroform, benzene, and other solvents. 
By inoculating the labile form with crystals of the stable form, the 
melting point rose gradually. The molecular weight of the labile form 
was found in the cryoscopic method to be normal, whereas the stable 

^ Griin and Schacht, BerichtCy 1907, 1791. 

2 Griiii and Skopnik, ibid.y 1909, 3757. * Griin and Theiraer, ibUi., 1907, 1797. 

* Griin and Schacht, ibid., 1907, 1784. 
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form gave values leading to double the molecular weight. In the 
boiling point method the stable form furnished uncertain results. 

a-Palmito- ^-y-distearin, 03 X 15(0 . Ci 0 H 3 iO ) (0 . CiglXasO ) (0 . CigHggO ) , 
prepared synthetically from a-monopalmitin and stearic acid {Guth)y 
or from ^-a-distearin and palmitic acid {Kreis and Hafner ^), melted in 
the crystallised state at 63° C. In the butyro-refractometer it indicated 
22-5 “ degrees ” at 75° C. 

Bomer ^ isolated this glyceride in a pure state by a very long and 
exhaustive series of crystallisations from lard, in which it occurs to 
the extent of about 3 per cent. Its melting point is 68*0° 0. (corrected 
68-5°) and its “ transition point ” 57*3° (corrected 51*5°). 

p-Palmito-a-y-distearin, 03 X 15(0 . O^gHg^O) (0 . O^gHg^O ) (0 . CjgHggO), 
prepared from a-a-distearin and palmitic acid by heating to 180° 0 . under 
diminished pressure {Kreis and Hafner^) crystallised from ether in 
tufts, consisting of microscopic needles. It was stated that in the 
superfused state it has two melting points, viz. 52*2° 0. and 62° 0., 
whereas in the crystalline state it melts at 63° 0. It would therefore 
very closely simulate a-palmito-j 8 -y-distearin. Bomer * has, however, 
shown that the substance prepared by Kreis and Hafner contained oyer 
12 per cent of tristearin. Later ^ showed that a “ palmito- 

distearin,” obtained by Kreis and Hafner ® from beef tallow contained 
about 15 per cent of tristearin. Bomer himself prepared from mutton 
tallow by systematic crystallisation a palmitodistearin of the melting 
point 63-3° C.^ ^ 

If the jS-palmito-a-y-distearin ’ is prepared synthetically from 
a-a-distearin and palmitic acid, there are formed simultaneously 
tristoarin and a-stearo-/3-y-dipalmitin. 

a-Stearo- ^-y-di2mlmitiny' 03 X 15(0 . C^gllggO ) (0 . CigHg^O ) (0 . CieHsiO ) , 
prepared synthetically by Guth from a-monostearin and palmitic acid, 
crystallises in long rhombic plates, melting at 60° C. In the butyro- 
refractometer it indicates 27 “ degrees ’’ at 75° C. 

^-Stearo-a-y-dipalmitin, 03 X 15(0 . O^gHg^O ) (0 . OjgHggO ) (0 . CjgHgjO), 
obtained synthetically from a-a-dipalmitin and stearic acid, crystallises 
in laminae melting at 60° 0 . ^ in the butyro-refractometer it indicates 
24 “ degrees ” at 75° 0. 

A stearodipalmitin {dipalmitostearin), \C^H.f^{0 . OjgHggO ) (0 . O^gHg^Olg, 
prepared by Hansen^ fi-om tallow, was described as crystallising in scales 
of silky lustre melting at 55° 0. This substance differs in melting point 
from the two preceding isomerides, although it should be identical wifb 
one of them. It is therefore very likely that this “ stearodipalmitin ” 
still* contained some tristearin. A stearodipalmitin, obtained by very 
frequently repeated crystallisations from mutton tallow, melts at 
67-3° 0. (Bomer^). 


1 1903, 1123. ^ 

2 Zeits, f. Unters. d. Nahrgs- u. Genussm., 1909, xvii. 393, 1913, xxv. 364. Cp. also 

Chap. XII. ^ ibid., 1904, vii. 665. 

* Ibid.] 1909, xvii. 359. “ Ibul, 1907, xiv. 106. ® Berichte, 1903, 1123. 

’ Zeits.f. Unters. d. Nahrgs- u. Genussm., 1918, xxv. 353.^ 

® Arch. f. Hygiene, 1902 (42), 1. 

® Zeits.f. Unters. d. Nahrgs- u. Genussin., 1909, xvii. 391. Cp. also Chap. XII. 
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{b) Mixed Triglycerides containing Acid Radicles of Saturated Fatty 
Acids and of Unsaturated Fatty Acids of the Series C„H2n-202 

The existence of a 7nyristopalmitoolein, CgHglO . Cj^4H270)(0 . Cl6 
H3 i 0)(0 . CjgHggO), statod by Klhnont ^ to occur in cacao butter, and 
to melt in the crystalline state at 25°-27° C,, must be regarded as 
doubtful (cp. “ Cacao Butter,’’ Vol. II. Chap. XIV.). 

The identity of an oleodipahnitin {dipalmitoolem), C3H5(O.Cj8H3gO) 
(0 . CjgHg^Oja, isolated by Hansen from tallow, by fractional crystal- 
lisation, and stated to melt at 48° C., is doubted by Kreis and Hafner? 
On preparing /S-oleo-a-y-dipalmitin from a-a-dipalmitin, Kreis and 
Hafner obtained an oleodipalmitin which became translucent in a 
capillary tube at 20° C., and melted to a clear liquid at 38°-39° C. In 
the crystalline state it melted at 38°-39° C. The y-oleo-a-^-dipalmitin 
obtained from a-j3-dipalmitin became translucent at 18° C,, and melted 
to a clear liquid at 37°-38° C. In the crystalline state it melted at 
38° C. An oleodipalmitin melting at 29-2° C. was stated to have been 
obtained by the repeated crystallisation of vegetable tallow from 
acetone (KHmont ^). An oleodipalmitin obtained in the same manner 
from Borneo tallow is stated to melt at 28°-29° C., and when freshly 
crystallised at 33°-34° C. 

An oleopalmitostearin {stearopahnitoolein), 03115(0 . Ci8H330)(0 . C16 
H3,0)(0. CjgHggO), obtained (from tallow) by Hansen ^ melted at 
42° C. Klimont ^ claimed that he had isolated the same glyceride 
melting at 31°-33° C. from cacao butter, but withdrew this statement 
subsequently. 

Oleodistearin, 03115(0 . Cj8H330)(0 . CiglTg^Olg. This, the first 
known mixed glyceride, was obtained by Heise from mkdnyi fat and 
from kokum butter, by precipitating ethereal solutions of these fats 
with alcohol. It is also stated to occur in cacao butter [Fritzweiler ®) 
and in Borneo tallow {Klimont ®). It forms small white crystals 
readily soluble in boiling alcohol, sparingly soluble in cold alcohol. 
The crystals melt at 44°-44-5° C. and solidify at 40*8° C. If the melted 
glyceride is cooled rapidly, it melts at 27°-28° C. ; on further heating, 
the substance solidifies again, finally to melt at 37°-38° C. The specific 
gravity at 70° C. is 0-8928, and at 90° C. 0-8547. According to J. Sack 
the fat from Mangifera indica consists to a large extent of oleodistearin. 
The analytical data given for this fat do not bear out this contention. 

The oleodistearin obtained synthetically by the action of oleic acid 
on a-a-distearin melts about 2°-4° C. lower than does the natural oleo- 
distearin from mkdnyi fat and kokum butter {Kreis and Hafner). 

The iodo-chloroderivative of oleodistearin was isolated by Henrigues 
and Kiinne.^ 

^ Monatsh. /. Chem., 1902, 231, 61. 

^ Zeits. f. Unters. d. Nahrgs- u. (hnussm,, 1904, vii. 666. 

3 Monatsh. f. Chem., 1903, 408 ; 1904, 931 ; 1906, 563. 

* Arch. f. Hijgiene^ 1902, 42, 1, 

® Arheii&n a. d. Kaiserl. Oesundheitsamte, 1902, 371. 

6 Monatsh. f. Chem., 1904, 929; 1906, 563. 

’ Pharvi. Weekhlad, 1911, No. 13. 8 Berichte, 18.99, 390. 
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Orun and Schacht ^ prepared a ^-oko-a-y-distearin by licating 
a-a-distcarin with an equal amount of oleic anhydride for six hours to 
170° C. at a pressure of 20 to 25 mm., whilst a current of carbon dioxide 
was passed through the mass. This oleodistearin melted, shortly 
after being prepared, at 42° C. ; after being kept for one year it melted 
at 41° and at 55° C. ; after solidification it melted at 42° C. 

Elaidodistearin, 031X5(0 . Ci3H330)(0 . 0131X350)2, obtained by the 
action of nitrous acid on oleodistearin (Henriques and Kunne melts 
at 61° 0. 

Dioleostearin, 031X5(0 . 0131X330)2(0 . CigIX350), has been stated 
{Partheil and Eerie ®) to occur in human fat. 

(c) Mixed Triglycerides containing Acid Radicles of Saturated Fatty 
Acids and of Unsaturated Fatty Acids of the Series 0,JX2,i-402 

a-Lmolo-^-y-di'palmitin^ 031X5(0 . OigHpiO) (0 . OjgHgiO) (0 . CigHpiO), 
from a-^-dipalmitin and linolic anhydride (with a very poor yield) 
melts at 11-5-13° 0. {H. Schoenfeld^). 

^-Linolo-a-y-dipalmitin, 031X5(0 . CiglXgiO) (0 . OigllgiO) (0 . CigllgiO), 
from a-a-dipalmitin, and linolic anhydride melts at 28-29° 0. {H. 
Schoenfeld), 

a - Linolo- ^ -y-distearin, 031X5(0 . 013IX31O ) (0 . OiglXggO) (0 . 013H35O ), 
from a-j8-disteai'in, and linolic anhydride forms white crystals melting 
at 33-5-37° 0. (H. Schoenfeld). 

/3 - Linolo - a - y - distearin , C3H5 ( 0 . OigHggO ) ( 0 . OiglXgiO ) ( 0 . CiglXggO ) , 
from a-a-distearin and linolic anhydride melts at 41-42° 0. ; after solidi- 
fication it melted again at 36° 0. {H. Schoenfeld)^ 

The occurrence of a mixed glyceride of japanic and palmitic acids 
having the formula 03H5(C2oIl4o[00 . 0J2)(0 . OigIXaiO) in Japan wax 
is considered probable by Geilel and v. d. Want (see Vol. II. Ohap. XIV. 
“ Japan Wax ”). 

Phosphatides 

A large group of naturally occurring mixed triglycerides, containing 
as a rule two fatty acid radicles and one radicle of phosphoric acid, 
the latter in conjunction with an organic basis, arc found widely dis- 
tributed, although only in very small quantities in all tissues of vegetable 
and animal organisms. Their chemical composition may be repre- 
sente*d by the general formula C3H5(0R)(0R)(0 . PO) . (0H)(0B), 
wherein B stands for a monoamino base. 

For these triglycerides the term phosphatides proposed by Thudichum 
has been accepted generally. (In order to denote the basic character 
of these substances Leathes ^ suggests the term “ phospholipines.”) 

Phosphatides represented by this formula are denominated mono- 

1 Berichte, 1907, 1782. 2 1899, 387. 

^ Arch. d. Phami.y 1908, 546. ^ Inaiig. Dissert, Zurich, 1912. 

® The Fats, Longmans, Green & Co., 1910 ; cp. also 0. Rosenheim, VJl. Intern, 
Congr, c^f Appl. Chem., 1910, yoI. iv, art. 2, p. 66, 
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amino-mono-phospliatides on account of the nitrogen and phosphorus 
atoms standing in the proportion 1:1. 

Although these glycerides appear to exercise a most important 
physiological function (in fact appear to some authors to be the real 
“ life sustainers ”), very little is known as to their actual importance in 
the economy of the vegetable and animal organism. Nor has their 
chemical composition been established, and many conflicting statements 
on this point are found in the literature of the subject. 

The best known phosphatide is the Lecithin ^ which occurs in egg- 
yolk.^ On saponiflcation (with alcoholic potash or with hydrochloric 
acid it furnishes choline,^ glycero-phosphoric acid, and fatty acids. 
Hence the following formula is generally ascribed to it : C 3 H 5 (OR) 
(OR) . [0 . P0(0H)(0 . CH 2 CH 2 N(CH 3 ) 30 H]. According to Willstdtter 
and Ludecke lecithin is a derivative of an a-j8-diglyceride. In the case 
of a specimen of egg-yolk lecithin prepared by Cousin,^ the fatty acids 
obtained on saponification® are stated to consist of 24 per cent of 
linolic, 28-5 per cent of palmitic, and 14-2 per cent of stearic acid. 
Rollett’^ gives the iodine value of egg-lecithin as 62 to 69. The un- 
saturated fatty acids are capable of being reduced by means of 
hydrogen in the presence of a suitable catalyst (see “ Hydrolecitbin,” 

p. 60). 

The above given formula contains an asymmetric carbon atom, 
and in agreement therewith, natural lecithin is optically active. A 
(commercial) preparation of egg-lecithin examined by P. Mayer ® had 
[a]D= +9-84. Like tartaric acid, mandelic acid,® etc., it is converted, 
on heating, into the racemic form, which was resolved (by means of 
steapsin) into its optically active stereoisomerides, of which the 
laevorotatory lecithin was isolated (P. Mayer ®). This shows that the 
phosphoric acid radicle which carries the choline group is in the 
y-position. (The glycerophosphoric acid, obtained at the same time, 
was also found to be optically active ; Willstdtter and Ludeche}^) It 
should, however, be noted that N. A, Barhier is of the opinion that 
egg-yolk does not contain lecithin. 

Lecithin of a very similar composition has been isolated from 

^ For a compilation of the literature on lecithin, cp. F. Kade, Inuug. Dinsert.^ 
Zurich, 1911. Griin and Kade, Berichte, 1912, 3358 ; 3367. 

First prepared by A. Strecker {Lidng s Annal. 148, 80). Cp. also Zuelzer, Hoppe- 
Seyler’s Zeits. /. ])hysiol. Ofiem. 27, 462. 

® Cp. F. Maleiigreau and G. IMgent, Zeits. f, physiol. Ohem., 1912 (77), 107. 

* For the preparation of choline from lecithin, cp. J. D. Riedel, German patent 
193,449. 

® Jmirn. Pharm. Vhini., 1903, 102 ; cp. also Henriques and Hansen, Skand. Arch. 
/. Physiol.., 1903, xiv. 390. 

® For the saponification of lecithin by “alcoholysis,” cp. Fourneau and Plettre, 
Bull. Soc. Chim. de France, 1912, v. (11), 805. 

’ Hoppe- Beyler’s Zeits. f. physiol. Ghem., 1909 (61), 214. 

® Biochem. Zeits., 1906, 39. 

Lewkowitsch, Berichte, 1883, 2721. 

Berichte, 1904, 3763. 

VII. Intern. Congr. of Applied Ghemistry, 1910, vol. iv. art. 2, p. 64. Chem, 
Zeit., 1912, 985. 

Studied especially by Schulze, Wiuterstein and Hilstand, Zeits. f, physiol. 
Ghem., 1906 (47), 496. ... 
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many plant seeds, especially those derived from the Legumimsce} 
and the cereal grains. 

For the commercial preparation of lecithin from cereals the reader 
must be referred to the patents given in the footnote.^ (7. A. Fischer ® 
extracts vegetable and animal substances with ethyl acetate, methyl 
acetate, or methyl butyrate to remove fatty oil and cholesterol. The 
residue containing the lecithii^ (in the case of egg-yolk from 35 to 40 
per cent of lecithin) is dried in vacuo and extracted with alcohol at 
70° C. Lecithin separates from the solution on cooling. 

Lecithin differs from the above described triglycerides — i.e. from 
true fats and oils — by its solubility in alcohol. It possesses the property 
of readily emulsifying water. Ether and similar solvents extract very 
little lecithin from emulsions, but the lecithin is immediately taken 
up by the solvent after addition of salts. Glycerol, dextrose, sucrose, 
and carbamide neither cause precipitation from the emulsions nor aid 
in the solution of the lecithin by ether. On the addition of traces of 
salt solutions to the mix tures the lecithin is immediately dissolved by 
the ether.* 

Lecithin is insoluble in acetone and can therefore be precipitated 
from its solutions by acetone. It is slightly soluble in oils and fats, 
and' hence is extracted together with the oils and fats in the commercial 
processes of preparing the latter. An indication as to the amounts of 
lecithin found in commercial oils and fats may be gathered from the 
table given in Chap. IV. “ Estimation of Phosphorus.” ® 

Lecithin from egg-yolk as also from cereals, etc., is employed in the 
margarine industry (see Vol. III. Chap. XV.), and in the preparation 
of cod liver emulsions and food compounds. Solutions of lecithin in 
glycerol® and in mono-, di-, and tri-chlorohydrin are also being 
brought into commerce. 

Lecithin, or rather lecithin-like substances, isolated from liver, 
muscles (heart muscles), kidney, brain, and nerves, and blood seem to 
have, generally speaking, a similar composition to that given above 
for the egg-yolk lecithin. Thus Leathes^ has shown that the ether 
extract from active organs of the body (liver, heart, kidney) yields 
65 per cent of insoluble fatty acids. Assuming that in the molecule of 
a lecithin of the formula given above, R be 280, it would follow that 
lecithin should yield 67 per cent (about) of insoluble fatty acids. 
The composition of the fatty acids appears, however, to be different, 

i.Op.KonigandScliluckebier, ;(ret<5./. Unters.d. Nahr<j$-u. Oeimssm., 1908, xv. 650. 
For the quantitative determination cp. C. Feudler, Apoth. Zdls., 1905 (3) ; Riedel, 
ibid., 1906, 72. 

2 Blattmann, French patent 357,451 ; cp. also E. Ziegler, German patent 179,591 ; 

. French patent 364,896; H. C. Buer, German] patents 200,253, 210,013, 236,605; 
English patent 12,405, 1908 ; United States patent 1,055,514 ; Poulenc Freres, French 
patent 406,634. J. D. Riedel, Akt. Gea., German patent 260,886. 

» English patents 11,697, 1908 ; 18,540, 1909 ; French patent 390,683. 

^ J. H. Long and F. Gephart, Jmirri. Ainer. Ohem. Soc.., 1908, 895. 

° For the determination of lecithin in medicinal preparations cp. C. Virchow, 
Chem. Zeii., 1911, 913 ; 1912, 906. ® P. Bergell, German patent 281,233. 

’ Deutsche Chem. Werke, “Victoria” and P. Salzmanu, German patent 241,564. 

® Journ. of Physiol., 1907 (36), 19. Cp. also Bang, Gluimie w. Biochmie d. Lipoide. 
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the “ organ fats ” apparently being characterised by the ease with which 
they undergo chemical changes in the body. Erlandsen ^ showed that 
the lecithin-like substances (“ phosphatides ”) isolated from the heart 
muscle (of the ox) contain less saturated acids than oleic. It is also 
noteworthy (although of minor importance for the purposes served by 
this work) that the iodine values of the organ fats are higher than 
those of the connective tissue fat. Woleke states the following figures : 
Iodine value of the fat from the liver (of a dog) 83-1, from the heart 
muscle 84-9, from the kidney 78*0, whereas the iodine value of the 
connecting tissue fat was 62*8. Hartley ^ found that the fatty acids 
contained in these organs absorbed from 113 to 134 per cent of iodine. 
The unsaturated fatty acids appear to undergo oxidation somewhat 
easily on exposure to air, thereby becoming to some extent insoluble 
in petroleum ether. On separating the saturated fatty acids from 
the unsaturated acids (by the lead salt ether method) Hartley obtained 
unsaturated fatty acids (from pig and ox livers) having iodine values 
from 174 to 203. The bromide test led to the conclusion that the 
unsaturated acids contain acids belonging to the unsaturated series 
CrtHgii-gOa and even CjjHgn-gOg (see Chap. III.). 

In an exhaustive examination of the fatty acids of lecithin from 
pig liver fat Hartley ^ isolated the following acids : Palmitic, stearic, 
an oleic acid difi'ering fr-om the ordinary oleic acid, linolic acid (possibly 
a mixture of two isomeric linolic acids), and an acid of the composition 
^ 20 ^ 32 ^ 2 - Lhiolenic could not be identified and is most probably 
absent. 

The ready oxidisability of the fatty acids in the “ organ fats ” 
would seem to establish a relationship with the fatty acids contained 
in liver oils, and thus point to a fact of considerable importance, namely 
that these easily oxidised substances are constituents of those organs 
of the body which are the centre of greatest metabolic activity. 

Mixed glycerides containing radicles of organic acids, other than 
those of naturally occurring fatty acids, as also mixed glycerides con- 
taining fatty acids radicles side by side with the radicles of inorganic 
acids, which have hitherto not been met with in nature, will be described 
under “ Glycerol ” (Chap. III.). 

2. Properties of Natural Oils and Fats 

The natural oils and fats are distributed throughout the vegetable 
and animal kingdom from the lowest organisms up to the most highly 
organised forms of vegetable and animal life, and are found in almost 
all tissues and organs. In plants, oils and fats are deposited in con- 
siderable quantities in the seeds, and are associated therein with starch, 
nitrogenous substances, etc., to serve as nourishment to the embryo. 
Exceptionally, oil has been found in considerable quantities in the 
1 Zeit. f. physiol. Vhetn., 1907 (11), 71. 

On the nature of the fat contained in the liver, kidney, and lieart, Journ. of Physiol,. 
1907 (36), 18. 
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rhizomes of Cyperus esculentus, L. (See Vol. II. Chap. XIV. table 
“ Lesser Known Non-drying Oils.” In the animal organisms oils 
and fats are mainly enclosed in the cellular tissues of the intestines 
and in the tissues nearest the outer skin (cp. Vol. II. Chap. XIV. 
“ Animal Fats ”). — The further consideration of the “ phosphatides ” 
falls outside the scope of this work. 

The natural oils and fats may, for practical purposes, be looked 
upon as consisting in the main of mixtures, in varying proportions, 
of the triglycerides described above. Natural oils and fats must, 
therefore, not be looked upon as chemical individuals, but rather as 
representatives of natural species which, like all natural species, arc 
subject to certain variations, although these be confined within com- 
paratively narrow limits. Thus the composition of vegetable oils and 
fats derived from one and the same species of plant will fluctuate 
somewhat with the variety of the plant, the climate, and the soil in 
which it is grown, much as the composition of animal oils and fats 
varies with the race and age of the animal, and especially with the food. 

No natural oil or fat consists of one simple triglyceride, although 
some of the vegetable fats derived from MyristicacecB contain very 
small quantities only of fatty acids other than myristic. Thus 
ochoco fat (sec Vol. II. Chap. XIV.) might be considered, for 
practical purposes, as consisting of pure myristin only. Until recently 
the natural oils and fats were looked upon as mixtures of at least two 
or three triglycerides, the most important of which were considered to 
be trilaurin, trimyristin, tripalmitin, tristearin, triolein, trilinolin, 
trilinolenin, triclupanodonin, and triricinolein, with which are admixed 
in much smaller quantities glycerides containing butyric acid (in 
butter fat), caproic, caprylic, capric acids (in butter fat, cocoa nut oil, 
palm nut oil), and arachidic acid (in arachis oil). In consequence of 
the discovery of mixed glycerides and the great difiiculty of isolating 
pure triglycerides from the most frequently occurring fats and oils, it 
has become extremely likely that most natural oils and fats are com- 
posed chiefly of mixed triglycerides. At present our knowledge is 
still too limited to justify any definite expression of opinion as to the 
exact composition of the glycerides in the natural oils and fats. 

The natural vegetable and animal oils and fats are prepared by 
comparatively crude methods (see Vol. II. Chap. XIII.). Hence they 
generally contain impurities of one kind or another, such as resinous, 
colouring, mucilaginous matter, remnants of vegetable and animal 
tissues,^ etc. These can be removed for the most part by steaming or 
washing with water, followed by bleaching and filtering (cp. Vol. II. 
Chap. XIII.). But even after this purification small quantities of 
non-glyceridic substances remain dissolved. Some of these must be 

^ The occurrence of glycerides in the soil (cp. 0. Schreiner and E. C. Shorey, 
Journ. Anier. Chem. Soc., 1911 (33), 78) is readily explained as due to accidental circum- 
stances. These glycerides undergo natural processes of oxidation and hence yield on 
saponification dihydroxystearic acid. 

2 The small proportions of nitrogen occurring in commercial oils and fats would 
appear to be due to remnants of such tissues. G. Bouchard (Compt. rend., 1912 [154], 
1620) inclines to the opinion that nitrogen is a constituent of all oils and fats. 
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considered as entirely foreign (adventitious) substances, e.g. traces of 
colouring matters, chromogenetic substances (producing the colour 
reactions which are characteristic of some oils and fats), ethereal oils, 
resinous matters, sulphur compounds (in rape oilj, and cyanogenetic 
glucosides as in linseed, para rubber seed, service berries, etc.^ 

Other substances are constant concomitants of the natural products, 
and must therefore be looked upon, in a wider sense at least, as con- 
stituents thereof. The most important of these are phytosterol and 
cholesterol, inasmuch as the presence in, or the absence from, an oil or 
fat of one or the other “ sterol ” enables us to recognise a specimen as of 
vegetable or animal origin. 

Other “ sterols,” such as bombicesterol, stigmasterol, and brassica- 
sterol, are characteristic of individual oils and fats. Volatile oils again 
are contained to a notable ejs;tent in the fats belonging to the Myristica 
group. The volatile oil contained in crude cocoa nut oil has been 
identified as consisting principally of methylheptylketone and methyl- 
nonylketone (which occur also in the essential oil of rue). Less im- 
portant, from the practical point of view of this work, amongst the 
constant constituents is lecithin, which occurs in fats and oils in 
extremely small quantities. 

Midway between the last two groups — adventitious substances 
and constant concomitants — stand hydrocarbons,^ and aliphatic alcohols 
(such as melissylalcohol and cerylalcohol). Probably these substances, 
forming as they do common constituents of vegetable and animal 
tissues occur more frequently in natural fats and oils than has been 
ascertained hitherto, as, on account of their small quantities, they 
have not been isolated and examined separately, being generally com- 
prised, together with phytosterol and cholesterol, under the substances 
determined as “ unsaponifiable matter.” Hydrocarbons, which may 
possibly furnish a means of identifying individual oils and fats, have 
been isolated from parsley seed oil, laurel oil, cacao butter, kSsam seed 
oil and from cantharide oil, Melolontha oil (see Vol. II. under these 
headings). Indeed considerable amounts of hydrocarbons appear to 
be characteristic of all insect fats (sec chrysalis oil, cantharide oil, 
Melolontha oil), as also of waxes from insects. 

Also ketones, secondary alcohols (possibly formed from aldehydes), 
have been found in oils (cocoa nut oil), their presence doubtless being 
due to their slight solubility in the oil. 

Oils and fats of vegetable origin, even in their fresh state, mostly 
contain appreciable quantities of free fatty acids. {Rechenherg ® 
showed that the amount of free fatty acids is larger in unripe seeds 
than in ripe ones. In seeds which have been gathered in the unripe 
state chemical changes take place, resulting in a decrease of free fatty 
acids with the formation of more neutral fat.) This appears to be due 
to the fact that the seeds contain enzymes which hydrolyse glycerides 

^ Cp. T. A. Henry, Science Progress, 1906, July.— C. Ravenna and M. Zamornni, Atti 
Accad. d. Line., 1910, 10 (ii.), 366. 

2 Cp. J. Klol)b, J. Gamier, and R. Ehrwein, “Hydrocarbons of Vegetable Origin,” 
Journ. Chem. Soc., 1910, Abstr, ii. 1100. ^ Berichte, 1881, 2217. 
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(cp. p. 49), carbonic acid, which is always present,^ supplying the acid 
necessary for initiating hydrolysis (cp. p. 50). When sufficient water 
is present, the hydrdysis will progress somewhat rapidly. The ex- 
ceptional occurrence of diSrucin in rape oil is rightly ascribed by Rei^ner ^ 
to the fact that the rape seed from which that specimen of rape oil was 
obtained had become moist during transport. 

Animal fats, when freshly rendered, contain but very small quantities 
of .free fatty acids. For practical purposes they may therefore be 
considered as consisting entirely of neutral glycerides. If, however, 
the fats are exposed to the atmosphere, the formation of notable 
quantities of free fatty acids takes place readily (see below). 

In their liquid state fats penetrate easily into the pores of dry 
substances ; if dropped on paper they leave a translucent spot — 
grease spot — which cannot be removed by washing with water and 
subsequent drying (difference from glycerol spots). 

A curious effect, caused by the presence of the minutest quantities 
of oils and fats, has been described by Lightfoot. Camphor, crushed 
between layers of paper without having been touched with the fingers, 
rotates when, thrown on to water, but a trace of oil or fat on the surface 
of the water causes the rotation to cease immediately ; it is sufficient 
to touch the water with a needle which has been passed previously 
through the hair. 

Oils and fats in their pure state are odourless, colourless, and taste- 
less ; and what is usually regarded as characteristic in these respects 
of the different oils and fats, is really due to the presence of extremely 
small quantities of foreign substances. 

The specific gravity of oils and fats varies between the limits 0*910 
and 0*970 at 60° F. (cp. table, Chap. V.). 

The freezing points of those oils which are fluid at the ordinary 
temperature range from a few degrees above zero down to -28° C. 
(linseed oil). The melting and solidifying points of the natural oils 
and fats are given fully in Vol. II. Chap. XIV. under the heading of 
each individual. 

Oils and fats pass through all gradations of consistence, from oils 
which are fluid even below the freezing point of water, up to the hardest 
fats which melt at about 50° C. Hence no sharp distinction can be 
made between oils and fats (cp. p, 3). Nevertheless it is convenient 
to apply the term “ oil ” to those glycerides which are fluid below 
about 20° C., and the term “ fat ” to those which are solid above that 
temperature. Hard fats which have been melted by warming solidify 
somewhat slowly. 

If the cooling takes place gradually, solid glycerides separate in a 
crystalline or semi-crystalline state, so that the liquid portion can be 
separated mechanically from the solid portion by filtering (filter-press- 
ing). This operation is frequently employed on a large scale, e.g, in 
“ demargarinating ” edible oils (cotton seed oil) or “racking” oils 

^ Cp. Urbaiu, Compt. rend. 139 (1904), 606 ; cp. also below. 

9 B&richie, 1907, 266. , 
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(cod liver oil) (see Vol. II. Chap. XIII., Vol. III. Chap. XV.). The 
solid glycerides so obtained were formerly looked upon as consisting 
chiefly of stearin or palmitin (“ margarine ”) or mixtures thereof. 
Hence, in commerce all solid fats prepared in the manner described are 
termed “ stearine ” (“ margarine ” ^). In consequence of the discovery 
of mixed glycerides, this view must be abandoned ; further research 
will most likely show that the “ stearines ” differ chiefly in their contents 
of mixed glycerides. 

The refractive power of oils and fats, their action on the plane of 
polarised light, their microscopic appearance, and other physical 
properties, including the viscosity of the oils and fats, will be dealt with 
in Chap. V. 

Natural oils and fats in their fresh state may be considered as being 
completely insoluble in pure water, although traces are dissolved when 
they, especially the oils (liquid fats), are shaken with large quantities 
of water. On allowing the emulsions thus obtained to become clear 
by standing, subsequently separating the fat, filtering the aqueous 
layer, and shaking the latter with ether, a minute quantity of fat will 
be found to have passed into that solvent, and can be recovered by 
evaporating the ether. On the other hand, oils and fats dissolve a 
little water ; this can be entirely expelled on warming above 100"^ C. 
Certain substances have the property of increasing considerably the 
emulsifying power of water if brought into intimate contact with oils 
and fats (see “ Emulsified Oils,” Vol. III. Chap. XV.). 

With the exception of castor oil, oils and fats dissolve but very 
sparingly in cold alcohol. Boiling alcohol, however, dissolves some- 
what larger quantities, especially of those oils and fats which contain 
glycerides of the lower fatty acids ; on cooling, nearly all the dissolved 
fat separates out. (The separation of natural oils and fats into more 
easily soluble and sparingly soluble glycerides by means of alcohol is 
used as an analytical means in the examination of edible fats, cp. 
Chap. V.), The solubility is considerably increased by the presence 
of free fatty acids ; if the amount of the latter be large, exceeding 
about 30 per cent, even cold alcohol will readily effect dissolution. 

Oils and fats dissolve very readily in ether ^ 'petroleum ether ^ carbon bi- 
sulphide^ chloroform, carbon tetrachloride, trichloroethylene (and its 
congeners ^), benzene, and paraffin oils. Castor oil, however, forms an 
exception as regards petroleum ether and paraffin oils (cp. Vol. II. 
Chap. XIV. “ Castor Oil ”). Triacetin is insoluble in carbon bisulphide 
and in petroleum ether. Further information as regards solubility 
will be found in Chapter V. 

The solutions of neutral oils and fats are without action on indicators 
(provided, of course, the solvents used have been completely freed 
from traces of acids). 

Dry oils and fats do not suffer any loss when heated to a temperature 

^ Stearin, palmitin, acetin, etc. (spelt without an “e”), denote in this work the 
pure triglycerides, whilst under “stearine,” “acetiue,” commercial products are under- 
stood, the composition of which differs considerably from the corresponding triglycerides. 

2 Cp. Vol. II. Chap. XIII. 
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of 120°-150° C. Oils and fats containing glycerides of lower fatty acids 
suffer loss at about 200° G. 

Provided prolonged contact with air is avoided, most oils and fats 
can be heated to a temperature of about 250° C. without chemical 
change. (Some oils and fats become paler in consequence of the 
destruction of dissolved colouring matter, e.g. linseed oil.) On being 
heated above 250° C. up to 300° C. in the absence of air, some oils, 
especially the drying oils, undergo a change which is very likely due to 
polymerisation. Thus, tung oil (cp. Vol. II. Chap. XIV.) is converted 
into a gelatinous solid mass. The industry of preparing lithographic 
varnish is based on this reaction (Vol. III. Chap. XV.). In the case 
of castor oil, the chemical change even leads to the formation of solid 
products. The condensation can be assisted in some cases by the 
addition of “ condensing agents,” such as concentrated sulphuric acid, 
aluminium chloride, and zinc chloride (cp. Vol. III. “ Polymerised 
Oils ”). 

When the heating is continued beyond 250° C., decomposition sets 
in, with the formation of volatile products, the most prominent of 
which is acrolein. For this reason attempts made by several observers 
to distinguish or value fatty oils by their “ flashing points,” as is done 
in the case of mineral lubricating oils (see Vol. III. Chap. XV.), must 
be looked upon as having, as a rule, very little importance. In excej)- 
tional cases only, depending on the application of the oils and fats to 
certain technical processes, the flash point, as also the ignition point, 
must be taken into account.^ The intense odour of acrolein, which all 
fats emit on being heated above 300° C., is one of the most characteristic 
reactions, enabling one to distinguish rapidly fatty oils and fats from 
mineral and ethereal oils. Amongst the volatile products obtained on 
heating oils and fats to high temperatures have been found, in addition 
to volatile acids and sebacic acid,^ hydrocarbons of the ethane, ethylene, 
and aromatic series (and perhaps also naphthenes), the quantity of 
which is considerably increased when the destructive distillation takes 
place under pre.ssurc. This fact lends strong support to the theory 
that petroleum hydrocarbons owe their origin to the destruction of oils 
and fats.^ The vegetable fats generally offer greater resistance to this 
conversion into hydrocarbons under pressure than do animal oils and 
fats. If an optically active fat is distilled destructively the hydro- 
carbons formed e.xhibit optical activity {Lewkoivitsch ^). Before gas- 
making from coal was generally adopted, illuminating gas was frequently 
prepar§d from fatty oils ^ by distilling them destructively. If such 
distillation be carried out in the presence of solid substances, especially 

^ Tile flash points of fatty oils, 2 n’ovi<led all volatile iiuiiurities have been removed, 
lie in the neighbourhood of 600" F. 

® Cp. Rcdtenbacher, Liebig's Annal.y 1840 (35), 190. 

® Cp. Lewkowit.sch, der Chmiie, 1907, xvii. 415. 

* Benchte, 1907, 4161. 

® The manufacture of ga.s from fatty oils was introduced by John Taylor in 1816. 
In this comiection it may be intere.sting to state that Faraday discovered benzene in 
condensed gas made from whale oil. Even at present “ oil gas ” is made from cocoa nut 
oil in the Philippines ; cp. also “Gasification of Castor Oil and of Cod Liver Oil,” P. 
Dvorkovitch, Joum. Soc. Chm, /nrf., 1893, 409. 
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of such, as may act as catalytic substances (“ kieselguhr ” or hydro- 
silicate), destructive decomposition of the oils and fats occurs at a lower 
temperature than in the absence of those solid substances. Thus 
N. Hviid ^ has shown that from 10 grms. of lard treated with 60 grms. 
of a hydrosilicate known as “ Pfirschinger Erde ” (“ Franconit ”), after 
heating to 250° C. for 45 minutes, 196 ccm. gas were evolved, whereas 
lard without “ Franconit ” had to be heated to 365° C., and only then 
after the lapse of 100 minutes evolution of gas commenced. Whereas 
lard alone could be heated (under the conditions of the experiment) to 
376°-380° C. without any hydrocarbons passing over, the same treat- 
ment in the presence of “ Franconit ” yielded at 350° C. a distillate 
consisting chiefly of hydrocarbons. It would appear that the 
decomposition of the glycerides with formation of free fatty acids in 
the presence of the “ earth ” provided a sufficient amount of free fatty 
acids to act on calcium carbonate, most likely present in the earth, 
thus leading to the formation of lime soap, which is decomposed to 
hydrocarbons at a lower temperature than that at which the glycerides 
are broken down (cp. below, p. 141). 

This view is confirmed by experiments Hviid made with oleic acid 
(cp. below, p. 180). 

On exposure to the atmosphere oils and fats gradually undergo 
certain changes. As these changes are of great importance, both from 
the scientific and commercial point of view, it will be necessary to 
consider them at some length, devoting special attention to the influence 
which light, air, and moisture exert, separately and conjointly. 

The action of light alone, whilst air and moisture are excluded, has 
hitherto not been studied thoroughly. It is well known that oils and 
fats acquire a paler colour under the influence of insolation, some oils 
even becoming colourless. The application of insolation to industrial 
purposes is well exemplified by the bleaching of linseed oil, cod liver 
oil, and olive oil under glass or in glass bottles (cp. Vol. II. Chap. XIIL). 
Since pure glycerides are themselves colourless, the light can only affect 
the foreign substances dissolved in them. This is further proved by the 
fact that insulated cotton seed oil does not reduce silver nitrate (in 
Becchi’s test, Vol. II. Chap. XIV.) so readily as does cotton seed oil 
kept in the dark, and that exposure to light destroys those minute 
traces of chromogenetic substances which give rise to colour reactions 
that were for a long time, erroneously, considered as characteristic. 
Possibly this specific action of light is due to the ultra-violet rays it 
contains (see below). Other statements as to the effect of light, such 
as the development of greater heat in Maumene's test by oils exposed 
to sunlight, or the formation of small amounts of free fatty acids 
{Ballantyne^), still require verification, as the air was not excluded 
rigidly enough in those experiments upon which the conclusions were 
based ; for even in corked bottles, kept in direct sunlight, diffusion of 
air through the cork takes place in course of time. Nor was the influence 
of temperature ascertained in these experiments. Therefore, the 

1 Petroleum, 1911 ( 6 ), 429 . 

Joum. Soc. Chem. Irid., 1891 , 29 . 
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observed changes are most likely due to the joint influence of light 
and air, and probably also to that of moisture contained in the latter. 

The effect of light alone on oils has been studied by Ritsert} His 
experiments proved that, provided air be rigidly excluded, as is the 
case in sealed glass tubes, even prolonged insolation is incapable of 
producing a change which would lead ultimately to rancidity. Mjoen ^ 
instituted similar experiments, but no definite conclusions can be 
drawn from them beyond the inference that the chemical change which 
takes place under the action of light in presence of air differs from that 
occurring in absence of light. There is no satisfactory evidence to 
support the contention that polymerisation of glycerides {e.g. in linseed 
oil) is produced by light alone ; it is desirable that our scanty knowledge 
on this subject be supplemented by systematic study.® 

Eontgen rays are' stated to be practically without action on oils 
and fats. Ultra- violet. rays, however (“ Uviol light ”), seem to exert 
a strong bleaching effect, which is not confined to the chromogenetic 
substances, but appears to lead to hydrolysis of the glycerides and 
also, in given cases, to their polymerisation. The hydrogen peroxide 
formed under the influence of the “ uviol light ” exerts an oxidising 
action simultaneously (cp. Vol. III. Chap. XV. ; cp. also “ Uviol 
Oils,” Vol. II.). 

The statement by some writers that “ uviol light ” converts oxygen 
into ozone, which latter acts on oils and fats, has been controverted by 
other observers. 

When studying the effect of air^ we must clearly discriminate 
between the influence of the ordinary atmosphere — which necessarily 
includes the action of oxygen, moisture, and light (diffused daylight, 
direct sunlight) — and the influence of dry air, to the exclusion of 
moisture and light. The effect of the atmosphere on oils and fats 
varies in a very marked degree with the chemical composition of the 
glycerides. As a general rule, it may be stated that the greater the 
proportion of unsaturated fatty acids in oils and fats (as measured by 
their iodine absorption, cp. Chapter VI.), the greater is their power 
to absorb oxygen. The chemical change is most marked in the case 
of drying oils ; it becomes gradually less pronounced with the decrease 
of the power of absorbing iodine, as we pass through the classes of 
semi-drying oils and non-drying oils down to the solid fats. Marine 

^ Untersuchungen iiher d. Ranzignxrden der Fette, liiaug. Dissert., Berlin, 1890. 

^ Forschwigsher. ilber Le!)ensinittel, etc., 1877, 196. 

® Qp. Winkel, LUge Congress^ 1906, sect. v. 387 ; Ditz, Chm. Zeit.y 1905, 709; 
Droste, Apothek. ZeiL, 1907 (22), 598, 

^ With regard to the solubility of air in fats, H. M. Vernon {Proc. Roy. Soc., 1907, 
79, B, 306) finds that 100 c.c. of olive oil, cod liver oil, and of lard, v/hen shaken up with 
air, dissolve the following amounts of oxygen, nitrogen, and carbon dioxide : — 



Olivo Oil. 

Cod Liver Oil. 

Lard. 


At 16" C. 

At 87" C. 

At 15" C. 

At 37" C. 

At 45" C. 


c,c. 

C.C. 

C.C. 

c.c. 

C.C. 

Oxygen . 

2*28 

2-38 

2-29 

2-22 

2-33 

Nitrogen 

6-26 

5-11) 

5-06 

6-08 

6-11 

Carbon dioxide . 

0'20 

0-16 

0-21 

0-21 

013 


(As to the connection of the solubility of air in fats and the “caisson-disease," cp. 
Vernon, Lancett 1907.) 



48 CLASSIFICATION OF OILS, FATS, AND WAXES chap. 

animal oils occupy a position similar to that of drying oils. The oxygen 
absorption power of the various oils and fats will be considered at length 
in Chapter VII. ; therefore, a brief statement may suffice here. Drying 
oils thicken at first and form an elastic skin on the surface. If exposed 
in sufficiently thin layers, as for instance, if spread on wood or glass, 
they are finally converted into a transparent, yellowish, flexible sub- 
stance, insoluble in water, alcohol, and also, to a very great extent, in 
ether. Whilst this energetic oxidation takes place, heat is developed 
to such a degree that if the drying take place in presence of organic 
substances in a fine state of division, offering a large surface to the 
atmosphere (cotton waste,^ woollen rags), spontaneous combustion 
will ensue. The non-drying oils remain more or less unchanged. The 
semi-drying oils occupy an intermediate position. The gradations 
between the various classes are, however, by no means so distinct as 
to warrant the drawing of hard-and-fast dividing lines between the 
three classes. 

The action of air is intensified by spreading oils and fats over finely 
divided metals ^ (lead powder, copper powder ; see Livache's test, 
Chapter VII.), the metals acting as accelerators or catalysts (see 
Chap. VII. “ Oxygen Absorption ”). 

If air under very high pressure is allowed to act on oils and fats 
the evolution of heat may rise to such an extent that the oils and fats 
are burnt up completely to carbon dioxide and water (Application of 
oils and fats in the Diesel Engine). 

Dry air, to the exclusion of moisture and light, has no action on 
oils and fats. Therefore they will remain unchanged for practically 
an indefinite length of time if kept protected from moisture and light. 
It is very difficult to exclude the last traces of moisture when storing 
oils and fats ; hence such traces of moisture may exercise a slight action 
in the manner described in the following paragraph, that is to say, 
small amounts of fatty acids will be formed, but no rancidity will 
set in. This is a matter of common experience, and has been demon- 
strated by Lewkoivitsch ^ in the special cases of a linseed oil kept for 
thirteen years in bulk, and of a sample of cacao butter kept in a sealed 
bottle for ten years. 

The effect of moisture, which is always present in the ati^iosphere, 
is a far-reaching one. In order fully to understand its effect, it is 
necessary to consider first the action of water on oils and fats. 

At temperatures up to about 150"^ C. water does not attack glycerides, 
but if the temperature be raised to 200° C. or more, the triglycerides 
are finally decomposed (hydrolysed) into their proximate components, 
glycerol and fatty acids, whilst the elements of water arc assimilated. 
This action appears to have been observed first hy Appert in 1823. It 
is expressed by the following equation (cp. Chap. II.) : — 

CaH5(OR )3+ 3H . OH- C3H3(OH)3-f- 3R . OH. 

* Cotton is much more liable to 8]>ontaneou8 combu.stion than are wool and silk. 

Cp. W, van llijn, Fharm. Weekblaad, 1908, 346. (Afttion of sesame and castor 
oils on zinc, and of olive oil on finely divided metals.) 

^ Journ. Soc. Chan. Ind., 1899, 667. 
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TLo hydrolysis thus produced at high temperatures is greatly 
accelerated if the action of the water is assisted by suitable chemical 
^ agents (catalysts). If such agents are present, it is possible to reduce 
the temperature. Thus, by the assistance of concentrated sulphuric 
acid, the chemical change may be effected at a temperature of about 
120° C. (True, some intermediate products are formed, but the full 
mechanism of the reaction need not concern us here, inasmuch as, on 
boiling with water, these intermediate products are ultimately decom- 
posed into glycerol and fatty acids.) The temperature required for 
the chemical change may be further reduced to about 100° C. by employ- 
ing strong hydrochloric acid.^ A still further reduction of temperature 
can be effected by the introduction of strong bases in alcoholic solution 
(see Chap. IT.). 

Finally, the change may be brought about by water even at tlie 
ordinary temperature, if naturally occurring ferments, such as lipase ^ 
or steapsin,^ are intimately intermixed with the oils and fats. Fat- 
hydi’olysing enzymes seem to occur in most, if not in all, oleaginous 
seeds (see p. 42), and no doubt play an important part in the utilisation 
of the fatty reserve products stored in the seeds. During the germina- 
tion of the seeds, hydrolysis takes place, and free fatty acids are 
liberated ; hence, it appears very likely that the presence of small 
quantities of free fatty acids, which are always found in, even the 
freshest, vegetable oils and fats (see p. 43), is due to the action of these 
enzymes on the glycerides stored in the seeds. The absence of suitable 
conditions in ungerminated seeds would appear to limit very sensibly 
the progress of hydrolysis. Such conditions are the presence of su fheient 
water and of small amounts of a mineral acid (carbonic acid, cp. p. 43), 
or of a strong fatty acid (such as acetic acid). If water acidulated with 
small quantities of such acids be churned up with oils and fats, and 
suitable enzymes be introduced, hydrolysis of the glycerides takes 
place gradually at first, but can be carried to a considerable extent 
within a comparatively short time (see Chap. II.). Thus, the ferment 
contained in castor seed ^ is capable of effecting practically complete 
iiydrolysis in the course of a few days. Similarly acting ferments, 
such as “ catalase,” ® may reasonably be assumed to be contained in 
commercial animal fats to a less or greater extent, according to the care 
exercised in the separation of the animal tissue from the rendered fat. 
Indeed Fagenstecher has shown since, that lipolytic ferments occur 
not only in the liver and intestines but also in the tissues of the body. 

Accepting, then, as a fact the occurrence of small quantities of 
fat-hydrolysing enzymes in those commercial oils and fats which have 
not been heated to such temperatures that inhibition of the enzymic 

^ Lewkowitsch, Journ. Soc. Chem. hid., 1903, 6. 

^ Cp. Greeu, The, Soluble Feinnents and Fermentation, Cambridge, 1899. 

* Lewkowitsch and Macleod, Proc. Roy. Soc., 1903 (72), 31 ; cp. Chap. II. ; cp. also 
Lewkowitsch, “Le.s Corps gras. Contcrenco,” Rnll. Soc. Chvn. de France, 1909, xv. 

^ Cp. D. Brinschi, “ Ricerche fi.siologiclie .sulla germinazione dei serai di Ricino,” 
Annali di Botanica, 1908, 199. ' 

® Connsteiii, Hoyernianii, and Wartenberg, Berichte, 1902, 3988 ; Hover, ibid., 
1904, 1436. 

® Cp. Liebermann, Berichte, 1904, 1519. ’ Biockem. Zeitsch., 1909, 306. 

VOL. I E 
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action must set in, we shall he able to understand those changes which 
oils and fats undergo on exposure to the atmosphere. As is well known, 
they thereby acquire a disagreeable smell and an acrid taste ; and the 
presence of free, non-volatile fatty acids, as also of small quantities 
of volatile acids, can be observed. We comprise these changes under 
the term “ rancidity,’’ and we say : the oils and fats have become 
“ rancid.” In order to arrive at a satisfactory explanation of these 
changes, I propose to trace the effects of each of these agents in detail, 
step by step, and to examine how far such an explanation agrees with 
actual observations. 

In the presence of sufficient moisture and acid, enzymes are capable 
of accelerating hydrolysis so that a certain proportion of the glycerides 
may give rise to the production of diglycerides, monoglycerides, and 
free fatty acids within a comparatively short time (a few days or a few 
weeks according to the special conditions). Hence the first postulate 
is that free fatty acids should make their appearance. 

It is well known that oils and fats, if kept fully protected from light, 
air, and moisture, retain indefinitely ^ their state of neutrality, whereas 
if they are not carefully preserved, moist air easily gains access (as in 
imperfectly corked bottles, barrels, etc.), and free fatty acids, of the 
same composition as those which are combined with glycerol in the 
neutral fat, are produced. The quantity of enzymes in filtered com- 
mercial oils and fats being very small, the amount of hydrolysis effected 
thereby is restricted ; hence the proportion of free fatty acids in com- 
mercial oils and fats does not, as a rule, exceed a few per cent. If, 
however, oils and fats be allowed to remain in contact with the organic 
matter from which they have been obtained, such as the marc of fruits 
(as in the case of olive oil, palm oil, cocoa nut oil), or animal tissues (as 
in the case of “ rough fat,” blubber, fish livers), or casein (as in the case 
of butter), etc., the hydrolysis of the glycerides increases somewhat 
rapidly, and may reach very high proportions. Thus the so-called 
bagasse olive oils, i.e. oils expressed from exposed olive marc (cp. 
Vol. II. Chap. XIV. “ Olive Oil ”), contain as much as 70 per cent of 
free fatty acids. Palm oil may even undergo complete hydrolysis, and 
hence consist almost exclusively of fatty acids ^ (cp. also Vol. II. 
Chap. XIII. “ Oil Cakes ”). Similar instances are presented by the 
lower qualities of fish, seal, whale, and cod liver oils (see Vol. II. Chap. 
XIV. ; cp. also chrysalis oil, neats’ foot oil, lard grease). In all these 
cases we can satisfactorily explain the formation of a high proportion 
of fatty acids by the conjoint action of water and enzymes.® It appears, 

^ Wiguer anU Church {Analyst, 1888, 17) found in a specimen of melted butter fat 
taken from an Egyptian tomb (of Queen Hashep.s of the 18th dyna.sty ; about 400 or 
600 D.c.) 86 per cent of insoluble fatty and 8 per cent of soluble volatile acids. 
Similarly, Friedcl {Gompt. rend., 1897 (124), 648) found unchanged triglycerides in the 
fatty matter buried several thou-sand years ago in the tombs of Abydos ; cp. Berthelot, 
Covipt. rend., 1905 (140), 177 ; cp. also W. A. Schmidt, Gheni. XeiL, 1908, 769. 

Adipocere (cp. Vol. II. Chap. XIV. “Human Fat”) is another illustration of what 
may ite termed auto-hydroly.sis ; cp. also Gregory, Liebig's Arinal. 61 (18^7), 862; 
Wetherill, Transactions Anier. Philos. 8oc. xi. 

Fclouzc and Boiidet assume the presence of a ferment in palm oil. With regard to 
the ferment “ olease ” in olive marc see Vol. II. Chap. XIV. The property of the pan* 
creatic ferment to hydroIy.se neutral fats was discovered by Claude Bernard in 1849. 
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therefore, unnecessary to invoke the action of air and light in order to 
explain the presence of free fatty acids. Thus it has been frequently 
observed that the hydrolysis of palm oil continues in the closed casks 
(i.e. in the absence of light and practically also of air) in» which it 
is shipped, and that the liberated glycerol separates out {Geitel^). 
Furthermore, Dieterich^ has shown in a very instructive series of 
experiments that free fatty acids are formed much more rapidly in 
rough beef fat and pig’s fat — still containing animal tissue — than in 
freshly rendered fat, and that by the addition of 10 per cent of water 
to both the rough fats and the freshly rendered fats, the rate of hydrolysis 
*was increased considerably. When enzymes are absent, or the con- 
ditions are unfavourable for their action, the hydrolysis by moisture 
alone— which may be aptly termed aitto-hydrolysis — may require a 
very long time indeed. Cases of this kind are furnished by the formation 
of adipocere (see Vol. II. Chap. XIV. “ Human Fat ”) and “ bog 
butter ” {i.e. butter buried for many centuries in Irish bogs), both of 
which consist almost entirely of free fatty acids.^ 

I therefore ascribe the primary cause of rancidity, namely, the 
formation of free fatty acids, to the action of moisture ^ in the presence 
of soluble ferments,® which act as catalysts or accelerators. It is true 
that both Ritsert ® and Reinemann ^ distinctly stated that ferments 
have no share in causing rancidity, but their experiments with regard 
to this point are not exhaustive enough to prove their contention. 
The different keeping properties of “ Neutral Lard No. I ” (see Vol. II. 
Chap. XIV. “ Lard ”) on the one hand, and of “ Steam Lard ” on the 
other, are best explained by assuming that in the former case the 
enzymes are not destroyed completely at the low temperature at which 
the fat is rendered, whereas in the latter case the steam lard, being 
rendered at a temperatiuc of 100°-120° C., becomes more immune, and 
will “ keep ” under favourable conditions for weeks. In confirmation 
of this view it may be pointed out that Zoffmann ® has shown that some 
fungi ® are not killed at those temperatures at which oils and melted 
fats are mixed and churned with milk in the manufacture of margarine. 
More striking still is the observation of Nicloux that castor seed 

^ Journ,/. prakt. Chem,, 1897 [65], 417. 

^ Chem. Rev., 1899, 168, 181, 201, Cp. Lewkowitsch, Jahrbuch d. CJmn. 1899 (ix.), 
351. For similar experiments by Pastrovich, HViQ Moimtsh.f. Chem,., 1904, 355. 

* Cp. Wigiier and Cluircli, A nalyst, 1880, 17 ; Radcliffe and Haddocks, Journ. Soc. 
Chem. Ind., 1907. In this connection it may be noted that Jiinnemaun (1866) showed 
that mutton tallow could bo hydrolysed by cold running water. 

^ It may bo pointed out hero that it is very difficult to remove the last traces of 
moisture* from commercial products (see Vol. II. Chap. XIV. “Lard”). 

° Pagenstechor, Biochem. Zeits., 1909 (18), 285, showed that all organs of neat 
contain lipolytic ferments. Cp. also E. Pennington and S. Hepburn, Journ. Amer. 
Chem. Soc., 1912 (34), 210. 

“ Untersuchungen iiher d. Ramigwerden d. Fette, Inaug. Dissert., Berlin, 1890. 

^ Ceniralh.f. Bakteriologie, ParaMlenkundeundInfektionskrankheiten, 1900, 131, 

** Chem. Rev., 1904, 7, 

® Seeds of a species of Trifolium were heated by Just (in 1877) to 120° C. without 
losing their power of development. Dixon showed that several kinds of seeds could 
withstand a temperature of 105° C. without injury, for several hours {Nature, 1909, 
November, p. 100. Cp. also J. Wliito, Proc. Roy. Soc, 81, 417. 

Contributian d I'itude de la saponification des corps gras, Paris, 1906, p. 80. 
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“ cytoplasma,” which, under suitable conditions, causes rapid hydrolysis 
of oils and fats, if suspended in oil, may be heated for twenty hours up 
to a temperature of 100° C. or for fifteen minutes to 110° C. without 
losing its fat-hydrolysing power. In the presence of water, however, 
the lipolytic activity is lost completely at a temperature of 65° C.^ 
(cp. Vol. III. Chap. XV. “ Manufacture of Fatty Acids ”). 

The occurrence of small quantities of free fatty acids, even in 
refined oils and fats (edible oils and fats), would thus be explained. 
Yet these oils and fats are by no means rancid. Indeed the presence of 
the free fatty acids imparts a slight, not unpleasant, flavour ; for it is 
well known that completely neutral oils and fats have an insipid taste. ' 
Heyerdahl ^ has shown that the addition of cod liver oil free fatty a(;ids 
(from 2 per cent downwards) to a cod liver oil free from rancidity, did 
not impart to the oil a rancid character, although it certainly produced 
a sharp taste. Furthermore, Lewkoivitsch ^ has shown in the case of a 
specimen of cacao butter that, although the fat contained free fatty 
acids, it was not rancid.^ 

Hence, rancidity is not due, as is still widely believed, to the presence 
of free fatty acids alone ; in other words, rancidity must not be con- 
sidered as coterminous with acidity. The frequent confounding of these 
two terms is caused by the fact that acid oils and fats arc frequently 
rancid as well. It is only when oxygen and light gain access to the 
acid fats that the conditions favouring the setting in of rancidity are 
provided. Rancidity is rather due to the direct oxidation of free fatty 
acids by the oxygen of the air, assisted and intensified by the ejfposure 
to light. Oxygen and light must act simultaneously, either of these 
agents alone being unable to produce rancidity {liitsert) ; hence, the 
greater the surface offered to the atmosphere, the more rapidly will they 
be able to exercise their influence. 

I therefore define as rancid those oils and fats, the free fatty acids 
of which have been acted on by the oxygen of the air, in the presence 
of light. Similar explanations have been given before, and the only 
new element I can claim here would consist in ascribing more emphatic- 
ally than has been done hitherto the initial phase of rancidity, namely, 
the hydrolysis, to the accelerating action of enzymes.^ To leave out 

^ These facts are in good agreement with the observations made by Duclaux {Trniti 
de microbiol<>(/ie, 1899, vol. ii. 198) when heating diastases in a dry state, as also with 
the well-known resistance to higii temperatures of spores, such as those of the hay- 
Ijacillus and of other low organisms. C]). Hueppe, Jmirti. Chem. Soc., 1882, Abst. p. 817 ; 
Dunbar, Centmlb. f. Ayriknltiircheniie, 1885, 677. 

Journ. &OC. (Jhem. Ind., 1889, 54. Cp. also Besana, Ghem. ZeiL, 1891, 410, and v. 
Klecki, Zdts. f. analyt. t'he.m., 1895, 633. 

^ Jonrn. >Soc. Chevi. Ind., 1899, 557. 

* 'i’he observation made by Ballantyne {Journ. 8oc. Chew. Ind., 1891, 29) that in 
several instances (olive oil, cotton .seed oil, linseed oil) rancidity set in and contiifued for 
some time without the liberation of any free fatty acid whatever, was not corroborated 
by titration numbers ; after a few months, however, liberation of free fatty acids was 
observed. An explanation may be afforded by assuming that the minute amounts of 
free fatty acids formed were immediately further liroken down with the formation of 
those substances which cause rancidity. 

® Lewkowitsch, Jmirn. Snc. Chem. Ind., 1903, 68 ; Jahrhtch d. Chemie, 1897 (7), 
368 ; 1898 (8), 392 ; 1899 (9), 351 ; 1900 (10), 382 ; 1901 (11), 360 ; 1902 (12), 363 ; 
Conference, Bull. Sue. Chim. de France, 1909. 
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older statements, Duclaux ^ derived from an extended experimental 
research the conclusion that rancidity is due to slight hydrolysis and 
the subsequent action of the oxygen in the air assisted by light. Geitel 
has further elaborated this explanation by laying stress on the inlluence 
of moisture in the initial stage of hydrolysis. 

Some authors maintained that rancidity is due to the action of 
micro-organisms ; this view seems to have been supported by the 
discovery of living micro-organisms ^ in poppy seed oil {Kirchner^), 
and by a number of observations made on butter. (Butter, however, 
containing as it does, in addition to water and enzymes, a considerable 
amount of organic, non-fatty substances, cannot be placed in the same 
line with oils and fats which we are considering, for it is butter fat and 
not butter with which we arc concerned here.) The same would apply 
to the destruction of oil in oil cakes.^ It is quite true that bacteria 
hydrolyse fats to a great extent (cp. Vol. III. Chap. XVI. composition 
of “ Sewage Fats ”), and then further act on the products of hydrolysis, 
but they accomplish this only when suitable nutriment is offered to 
them with the fat.^ In that case the micro-organisms will grow, and 
as all the necessary conditions arc provided, free play is given to those 
agencies which produce rancidity. It may, however, be left an open 
question as to whether these changes arc due to the direct action of 
the living organisms, or rather to the action of an enzyme produced by 
them, much as the alcoholic fermentation of sugar can no longer be 
ascribed to the action of the living saccharomyces cells, but rather to 
the zymase produced by them.'^ In confirmation of this view it may 
be stated that Duclaux ® proved in an investigation on butt(u fat that 
micro-organisms play no part in producing rancidity, since butter fat, 
being insoluble in water, does not afford sufficient nutriment to the 
protoplasma of the cells. (It may be repeated, experiments made on 
butter^ do not controvert this.) Similar proof has been given by 
Uitsertf^ who showed that pure lard is not turned rancid by bacteria, 
be they aerobic or anaerobic, as the bacteria introduced into the fat 
die quickly. 

Liquid fats — oils — turn rancid more readily than solid fats. This 
cannot be conditioned by the chemical composition alone, but appears 

^ Annoles de I’/icslitui Padear, 1887 ; Cumpt. rend. (102), 1077. 

Jaum.f, prakt. Chcvi., 1897 [S.')], 448. 

'* For ;i coiuuiercial application ol' tho action of iuicio-orgauism.s on oils and fats, cp. 
Meuscl, French patent 330,389 ; English patent 7410, 1903 ; Gernian patent 149,822. 

■* Berichte der deutsch. botan. Gesellscha/t, 1888, lOl. 

® Cp. iitinig, Bpieckennann, and Bremer, “ Dio fettverzohreudon Kloinwesen,” Zeits. 
f. (Inters, d, Nalirgs- u. Genussm.^ 1901, iv. 721 ; E. de KruylT, Bullet, Depart, de I'Agric. 
aux Duies ncerl. , 1 907, 9. 

® Cp. Bclimidt, Flora, 1891 (74), 300. A. Spieckermaun, ZcUs.f. Unters. d. Nahrgs- 
u. Gcnussvi., 1912, xxiii. 305. 

^ Similarly Piedallii ascribes the fat-hydrolysing action which undoubtedly occurs in 
the first stages of chamoising skins (see Vol. III. Chap. XVI. “Boil Oil and Degras”) 
to an “oxydase” secreted by the ascomycetes — Monascus purpureus ; cp. also N. L. 
Soehngen, Proc. K. Akad. van Wetensch., Amsterdam, 1911 (19), 667 ; Kohshi Ohta, 
Biochem. Zeits., 1911 (31), 177. 

® Annoles de I'Institut Pasteur, 1887 ; Compt. rend. 102, 1077. 

® Cp. e.g. A. Nestrelajew, Milchunrtscluiftl. Zentralb., 1910, Heft 1. 

(Inter suchungen idjer das Ranzigwerden der Fetter luaug. Dissert., Berlin, 1890, 
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to depend on the manner in which the oils, are expressed, the amount 
of enzymes which are dissolved by the oils during expression, depending 
to a large extent on the temperature. The fluid (liquid) oils offer a 
greater surface to the attack of hydrolysing agencies. This agrees with 
the fact that liquid fats are much more easily hydrolysed in the fermen- 
tative process (see Vol. III. Chap. XV.) than are solid fats, sucli as 
tallow. Whether fats containing glycerides of lower fatty acids (butter 
fat, cocoa nut oil) are more liable to become rancid than the fats con- 
taining glycerides of the higher fatty acids (cacao butter, tallow, etc.) 
has not yet been decided experimentally. It may, however, be taken 
as a general rule that the higher the proportion of insoluble saturated 
fatty acids, and the lower the percentage of unsaturated glycerides in 
a fat, the less will be its liability to turn rancid. This rule, however, 
appears to break down in the case of cocoa nut oil and of Japan wax, 
which differ greatly in the composition of their constituent glycerides 
(cp. Vol. II. Chap. XIV.). Further investigation is necessary to 
elucidate these points. 

Whilst it may then be taken as proven that rancidity is due to the 
simultaneous action of moisture, oxygen, and light, very little is known 
as to the actual cliemical change which the liberated free fatty acids 
undergo. The observation that rancid fats contain free fatty acids 
had been made before 1814, and both steam distillation and extraction 
with alcohol were proposed as means for thek removal. Although the 
number of published observations made since then on this subject is 
large, no definite conclusions can be drawn therefrom, as they mostly 
rest on assumptions, or on faulty experimental evidence.^ Thus 
several observers, misled by a faulty application of the acetylation test 
(cp. Chap. VI.), maintained that direct addition of oxygen to the 
molecule of fatty acids takes place with the formation of hydroxylated 
acids.^ Groger,^ on the contrary, found in a scries of experiments 
extending over four years that the fatty acids isolated from six kinds 
of fats exposed to the atmosphere, had been broken down into acids of 
lower molecular weight,^ and had not merely absorbed oxygen by a 
process of addition. The same chemist showed that in the further 
progress of oxidation some acids are oxidised to azela'ic and suberic 
acids. Other observers suggest that it is principally oleic acid that is 
set free in rancid oils and fats. Scala,^ who favours this view, isolated 
from a very rancid olive oil oenanthaldehyde, as also formic, acetic, 
butyric, and cenanthic acids, and further some soluble acids which he 
could not identify, and which he assumed to be azelaic and suberic acids.® 

^ Some of the evidence is based on colour reactions, the rationale of which is entirely 
unknown. In this connection it may be pointed out that many observers endeavour to 
find out by chemical means whether a fat is rancid or not, whilst the organoleptic 
methods (taste and smell) give the answer in the simplest and readiest manner. 

Cp. Lewkowitsch, Analyst, 1899, 328, 

^ Journ, Sac, Ckem. Ind., 1889, 202. 

^ Cp. also Cohn, Chem. Zeit., 1907, 865, 

Staz, Sperim. agric. Ual., 1897, 30, 613. 

“ In a more recent paper Scala {Ocezz. Chim., 1908 (38), i. 307) found in rancid olive 
oil and lard formic, butyric, caproic, heptylic (heptoic), and nonylic (nonoic) acids, ’and 
the following aldehydes ; butaldehyde, hexaldehyde (?), heptaldehyde, and iionaldehyde. 
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However, experiments made by Tkum^ with palm oil and rancid 
olive oil with a view to ascertaining whether palmitic, stearic, and 
oleic acids are liberated in the same proportion or in a diiTerent one 
from that in which they exist as glycerides in these fats, proved tliat 
the ratio between oleic acid and solid fatty acids is the same in their 
free as in their combined state. This fact was confirmed by S})aei}i in 
the case of rancid lard. 

The opinion has also been frequently expressed that the bodies 
characteristic of rancid fats are aldehydes (oenanthaldehyde, Scala), 
and ketones. Hence, the reagents employed usually for the detection 
of aldehydes have been suggested as a chemical means of differentiating 
rancid fats from acid fats. Schmid ^ stated that rancid fats give off, 
in a current of steam, volatile substances, which colour yellow a 1 per 
cent solution of metaphenylenediamine.® I have, however, shown ^ 
that a distinctly rancid cocoa nut oil did not give this reaction.^ Hence, 
statements that presence of aldehydic substances in rancid oils and 
fats is proved beyond doubt must be accepted with reserve. The 
volatile products from rancid cocoa nut oil give the aldehyde reaction 
only very faintly. It is true that Haller and Lassieur ® found ketones 
in the volatile products resulting in the refining of cocoa nut oil, but 
this fact does not prove the formation of these substances from the 
fatty acids of the cocoa nut oil, as it is quite possible that they are 
due to the decomposition of the ethereal oil in cocoa nut oil. 

Probably Bakings ^ observation that by using mild oxidising agents 
(such as hydrogen peroxide) all fatty acids from formic up to and 
including stearic acid can be oxidised at comparatively low tempera- 
tures, ;whereby a series of intermediate products are formed, may 
throw light on the biological oxidation in vivo of the fats and fatty 
acids (cp. Chap. III. p. 144). 

In view of Bakings observations the question has been raised by 
the present author ® whether the ketones obtained by Haller and 
Lassieur may not be due to the oxidation of capric, lauric, and myristic 
acids of the cocoa hut oil. 

With regard to the glycerol, Groger, being unable to detect free 
glycerol, adopted the opinion expressed by Liebig, and concluded that 
it must suffer oxidation like the free fatty acids. But considering the 

In iScala’s opinion tho odoiiv an;l flavour of rancid <ats are due, in some degree, to 
hexaldehyde (?) and butaldehyde, but mainly to heptaldehyde and nonaldehyde. Whilst 
Scala considers all the aldehydes and the corresponding acids to be degradation products 
of olein jind of oleic acid, the absence of formaldehyde leads him to surmise that the 
formic acid found is due to slow oxidation of glycerol, which can yield formic acid, 
formaldehyde representing an intermediate stage of oxidation. 

^ Journ. Soc, Cfiein. Ind., 1891, 70. ® Zeils. f. analyt. Chan., 1898, 301. 

^ Joum, of Biolog. Chem., 1908, 227. 

* Jahrbuch der Chemie, 1898 (8), 392 ; Journ. Soc. Chcvi. Ind., 1899, 557. 

® Similar objections were raised against this test by Winkel, Congris dc chiin. et de 
phami, LUge, 1907, section v. 387; cp. also Zeita.f. Unters. d. Nahrga- u, Uenuasm., Id05, 
ix. 90. 

® 0(ympt. rend., 1910 (151), 699. ^ Journ. of Biolog. Chem., 1908, 63, 237. 

* Jahrbuch d, Chemie, 1910, xx. 419, With regard to the opinion of H. Cli, 
Geelmuyden that acetones are synthesised in the organisms to carbohydrates, cp. Zeita.f. 
physiol. Chem., 1911 (73), 176. 
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diflSculty which the detection of minute quantities of glycerol offers, 
and in further consideration of the probability that the hydrolysis of 
the rancid fats examined by him had only proceeded to the formation 
of di- and mono-glycerides (cp. Chap. II. p. 72), his view cannot be 
accepted as proven.^ Against Groger’s opinion we have the well- 
ascertained fact that glycerol in dilute as well as in concentrated 
solutions will “ keep ” indefinitely, without becoming “ rancid.” 

In the present state of our knowledge we are still unable to discern 
rancid oils and fats by chemical means. There is, however, no need 
for chemical reactions, as we can rely on the taste and smell as the best 
means of ascertaining whether a fat is rancid or not. 

Some isolated observations regarding the chemical change suffered 
by rancid fats are given in the following table, published by Lew- 
koivitsch : ^ — 

^ Fritiilel {CompL rend., 1897 (124), 648) also concluded from tlie examination of fat 
found ill tlie tombs of Abydos that glycerol was oxidised, without, however, adtlucing 
any proof for his statement. 

“ Amdysl, 1899, 327 ; cp. also Jonni. Six'. Chem. huh, 1899, 557 ; Sherman and 
Kulk, Journ. Amcr, Chem, Sac., 1903, 711 ; 1905, 680. 


[Table 
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It will be gathered from this table that rancid fats exhibit higher 
acetyl numbers than do the same fats in the fresh state. Yet the 
number of experiments made hitherto is too small to afford conclusive 
evidence in favour of my opinion tjiat the “ acetyl value ” indicates 
rancidity in a more reliable manner than do the doubtful colour reactions 
proposed up to the present. A further chemical difference between 
fresh and rancid fats may be found in the difference of the heats of 
combustion. Rancid fats 3 deld considerably lower values than do 
fresh fats {Stohmann and Langhein ^). This is explained by the higher 
proportion of oxygen contained in rancid fats. 

If air, or in order to accelerate the action, oxygen, be blown through 
fatty oils at the temperature of boiling water, oxidation takes place. 
So much heat is thereby evolved that the oxidation process continues 
without further heating. On this reaction is based the industry of 
“ blown oils ” (Vol. III. Chap. XV.). The most notable change pro- 
duced by the action of oxygen is an increase in density (“ Thickened 
Oils ”). The oils thus obtained simulate castor oil in their density and 
viscosity, but differ from it in that they are soluble in petroleum ether 
{“ Soluble Castor Oils”). The similarity to castor oil, as also the high 
acetyl values of the blown oils, led to the opinion that glycerides of 
hydroxylated acids are formed, but it should be noted that the fatty 
acids actually produced differ from the castor oil fatty acids (see Chap. 
VIII. “ Oxidised Acids,” and Vol. III. Chap. XV.). Fatty oils belong- 
ing to the class of semi-drying oils lend themselves specially to the 
malnufacture of “ blown oils.” 

In the case of drying oils the oxidation process proceeds much 
further, finally yielding jelly-like or even solid elastic masses. This 
reaction is made use of in the linoleum industry (cp. Vol. III. Chap. 
XV.). If the temperature of the oils during the blowing operation 
be raised still higher, considerable quantities of volatile products are 
formed. In the case of castor oil ^ there were found in the condensed 
products normal caproic and normal heptylic acids, cenanthaldehyde, 
iso-heptylalcohol, and iso-octylalcohol. In the case of rape and linseed 
oUs also high-boiling alcohols and aldehydes were identified among the 
volatilised substances. The non-drying oils are less readily attacked, 
and solid fats only suffer a change if heated to a higher temperature 
than 100° C. (cp. Chap. VII. “ Oxygen Absorption ”). 

For further information on this subject cp. Chapter VII. “ Oxygen 
Absorption Test,” and Vol. III. Chap. XV. “ Oxidised Oils.” 


Behaviour with Reagents 

Hydrogen Peroxide. — The action of hydrogen peroxide on fats is of 
greater importance to the physiological chemist than to the technical 
chemist. From the experiments of Dakin (recorded below), it appears 
that the reagent chiefly attacks the fatty acid constituent of the oils 

^ Jvwm.f.^akt, Chevu 42, 361. * Nordlingor, German patent 167,137. 
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and fats (after they have become hydrolysed), although hydrogen 
peroxide is not without action on glycerol (see below). The oxidation 
of chicken fat has been made the subject of a study by J . S. Hepburn.^ 

Ozone. — Ozone has no action on the glycerides of saturated fatty 
acids. The glycerides of unsaturated fatty acids are easily acted upon 
by ozone. According to Molinari and his collaborators, Soncini and 
Fenaroli^ one molecule of ozone is absorbed by each pair of doubly- 
linked carbon atoms (much in the same manner as two atoms of iodine 
are absorbed by each pair of doubly Hnked carbon atoms). The new 
substances thus obtained are comprised under the term fatty “ozonides,” 
and the quantity of ozone absorbed can be determined by the increase 
in weight which the oils and fats acquire.® According to Harries ^ and 
his collaborators, Thieme and Turk,^ “ perozonides ” appear to be 
formed first (cp. below, Chap. III. “ 11. Acids of the Oleic Series ” and 
“ Oleic Acid ”), which are readily converted into stable ozonides. 

Hydrogen gas, under ordinary conditions or under pressure, or even 
if evolved in siatu nascendi, either electrolytically or by means of 
sodium amalgam, has no action on the glycerides of higher unsaturated 
fatty acids. Statements have been made by Fokin ® that natural oils 
can be reduced by electrolytic hydrogen under the same conditions 
which hold good for the reduction of oleic acid (cp. Chap. III., and 
Vol. III. Chap. XV. “ Conversion of Oleic Acid into Candle Material ^’), 
but no defiinite products appear to have been isolated. 

Sabatier and Senderens^ however, furnished by their general method 
of reducing unsaturated organic substances by means of hydrogen, 
in the ‘presence of finely divided metals, especially of finely divided nickel, 
an easy means of converting the glycerides of unsaturated fatty acids 
into practically completely saturated glycerides. Thus linseed oil, 
whale oil, cotton seed oil, sesame oil, etc., can be reduced to hard tallow- 
like substances which practically absorb no iodine. The reduction 
of unsaturated glycerides by means of hydrogen has also been effected 
in the cold, by Paal and Roth,^ with the aid of colloidal palladium {Paal 
and Amberger ®) as a contact substance. They were thus able to reduce 
olive oil, castor oil, and cod liver oil (cp. Vol. II. Chap. XIV. “ Olive 
Oil,” “Castor Oil,” “Cod Liver Oil”) to practically saturated sub- 
stances. More recently the reduction has been effected by means of 
finely divided metaUic palladium and platinum or their hydroxides or 

^ Journ. Atner. Chem. Soc., 1912, 210. 

“ Ann. d. Soc. Chivi. di Milano, 1903, ix. p. 607 ; 1906, xi. p. 89 ; 1906, xii. 
Fascia i., ii., Ui., and iv. ; lierichte, 1908, S. 2735 ; ihtzz. Chim. 36 ; ii. 292. 

* The saponification values of triolein ozonide and of the ozouide obtained from olive 
oil are given by Molinari and Fenaroli {Benchte, 1908, 2789) as 276* 5 and 223*7 
respectively. (Theory requires, however, for triolein ozouide 163*7. J. L.) 

* Liebig's Anml., 343, 311 ; 374 (1910), 288 ; Berichte, 1912, 936. 

“ Berichte, 1906, 8728 ; 8732. 

** Zeit. /, Elektrochemie, 1906 (12), 749 ; cp. Lowkowitsch, Jonrn. Soc, Chem. Lid., 
1908, 489. 

Cp. “Nouvelles m6thodesgen6rales d’Hydrogenation,” Annul, de Chim. et de Phys., 
1905 (iv.) Mars-Avrfl. Cp. also P. Sabatier, “Hydrogenation et deshydrogenation par 
catalyse,” Berichte, 1911, 1984. 

“ B&richie, 1908, 2283 ; 1909, 1541. 

» Berichte, 1904, 124 ; 1906, 1898. 
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salts.i Paal and his collaborators used as the protective colloid for 
their experiments lysalbic and (or) protalbic ^ acid (from albumen) ; 
more recently C. Kelber and A. iichwarz ^ proposed as a more readily 
obtainable colloid — glutin. 

The reduction of commercial oils and fats by the above indicated 
processes has acquired technical importance, and a large number of 
patents have been taken out during the last few years for the “ harden- 
ing ” of oils (see “ Hydrogenated Fats,” “ Hardened Fats,” Vol. III. 
Chap. XV.), and even of lecithin, “ Hydrolecithin.” ^ P. Breteau^ 
recommends for purposes of hydrogenation metallic calcium in a 
solution of absolute alcohol. 

The action of hydrogen on natural oils and fats extends also to the 
concomitant substances, such as sterols and chromogenetic bodies. 
Further information on this latter point will be found under the heading 
of individual Oils and Fats, in Vol. II. Chap. XIV. 

Chlorine. — Chlorine acts on oils and fats with evolution of hydro- 
chloric acid, glycerides of chlorinated fatty acids being formed. At 
the same time, if unsaturated glycerides arc present, chloro-adclition 
products are obtained. Hitherto it has not been possible to moderate 
the action of chlorine to such an extent that chloro-addition products 
are obtained exclusively. Attempts are being made at present to 
find applications for chlorinated oils and fats in the arts ® (see Vol. III. 
Chap. XV. “ Chlorinated Oils and Fats ”). 

Bromine. — Bromine acts in a manner similar to chlorine, although 
much less violently, so that it is possible to limit the reaction in the 
case of unsaturated glycerides to such an extent that bromo-acldition 
products only are obtained. % Hence it is possible to prepare on a 
practical scale brominated oils and fats. Such produci.s arc recom- 
mended for pharmaceutical purposes (see Vol. III. Chap. XV. 
“ Brominated Oils and Fats ”). 

Iodine is but slowly absorbed when mixed with an oil or fat, but 
does not yield substitution products. The assimilating power of 
unsaturated oils or fats for iodine varies with the chemical constitution 
of their glycerides and also with the temperature, but never reaches 
that theoretical amount which is indicated by the iodine value (cp. 
Chap. VI. ). (Hence, such statements as Focke’s,'^ that hver oils dissolve 
as much as 20 per cent, and neat’s foot oil 33 per cent of iodine, must 
be ignored.) The absorption of iodine in oils and fats at the ordinary 
temperature is assisted by the addition of a small quantity of potassium 
(or sodium) iodide. Complete saturation of the unsaturated glycerides 
with halogens can be effected in the cold readily if an alcoholic solution 

^ C'p. P. Breteau, “ Ilydrogc'uation au inoyen du palladium precipitu et de I’hypo- 
pliospliite,” Bull. Soc. Chivi. de France, 1911, 515. “ Ilydrogriialioii au moyeii du 

Jiickcl et de I’liypopliospliite de sodium,” ibid. 518. 

For the commercial preparation cp. German patent 248, 526, Kalle & Qo. 

8 Berv’hle, 1912, 1947. 

* J. D. Riedel, A.-G. Method of preparing Hydrolecithin, German patent ; cp. Paal 
and Oehrne, Berichk, 1913, 1297- ® Journ. depharm. et dcchim,., 1911, 680. 

® Electrolytic Alkali Co., C. C. Connor and J. W. Stubbs, English patent 741, 
1908 ; C. F. Bbhringer k Hons, German patent 248,779. 

Pharm. Zeit., i 896, (510. 
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of iodine and mercury bichloride or a solution of iodine monochloride 
or iodine monobromidc in glacial acetic acid is allowed to act on a 
dilute solution of the oils or fats (see Chap. VI. “ Iodine Value ”). 
The glycerides of the un saturated acids absorb in that case one molecule 
of iodine chloride or iodine monobromide for each pair of doubly-linked 
carbon atoms, with the formation of saturated compounds. This has 
been proved by the actual isolation of the chloro-iodo-addition com- 
pound of oleodistearin {Henriques and Kiinne ^). By heating the 
chloro-iodo-compound with a base (chinoline), the halogens are elimin- 
ated with the regeneration of the original glycerides. On this action 
is based one of the most important analytical operations practised in 
the examination of oils and fats, viz., the determination of the iodine 
value (see Chap. VL). The action of halogens has found technical 
application in the preparation of iodo-bromo-fats (cp. Vol. III. Chap. 
XV.) for pharmaceutical purposes. 

Sulphur chloride acts energetically on fats (cp. Chap. VII.). The 
reaction appears to consist in an absorption of the elements of sulphur 
chloride, much as iodine chloride is absorbed by uiisaturated carbon 
atoms. The action of sulphur chloride would therefore appear to 
consist in the conversion of unsaturated glycerides into saturated 
compounds. This reaction finds technical application in the manu- 
facture of vulcanised oils (cp. Vol. III. Chap. XV.). 

Sulphur has no chemical action on oils and fats in the cold. At 
higher temperatures, however, from 120^-160° C., all oils assimilate 
sulphur, and it would appear that the sulphur is absorbed much in 
the same manner as oxygen is absorbed by oils. AUscfml ^ demonstrated 
that stearic acid is hardly acted upon by^ulphur at a temperature of 
about C., whereas oleic acid when treated with 10 per cent of 
sulphur at 130°-150*^ C. absorbs sulphur without any evolution of 
sulphuretted hydrogen. In a similar manner fatty oils (because 
containing glycerides of the unsaturated fatty acids), notably linseed 
oil, castor oil, rape oil, cotton seed oil, and marine animal oils, absorb 
sulphur at 120°- 160° C. On cooling, sulphur does not separate out ; 
on saponifying the sulphurised oils in the cold, sulphurised fatty acids 
are obtained, whilst very little sulphuretted hydrogen is evolved.® 
On heating the sulphurised fatty acids to 130°-200° C., however, 
sulphuretted hydrogen escapes in large quantities, and substitution of 
hydrogen in the molecule of the fatty substance by sulphur seems to 
take place. It is doubtful whether thiozonides ^ are formed. The 
action of sulphur on oils is made use of in the manufacture of vulcanised 
oils (see Vol. III. Chap. XV.). 

Phosphorus has no chemical action in the cold. When heated at 
about 220° C. with vegetable drying oils, it is stated to cause polymerisa- 
tion of these oils, especially in the presence of phenol.^ This reaction 
stands in need of further elucidation. 

1 Berichte, 1899, 387 ; cp. also Holde, ibUL, 1902, 4306. 

® Journ. Soe. Chem. Tnd., 1896, 282. 

•'* IIenri(pies, Journ, Boc. Chem. Ind., 1896, 282.J 
^ Erdmann, Liebvfs Amuil. 362 (1908), 170, 

® K. Winkler, German patent 252,139. 
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Carbonic acid dissolves to some extent In oils, especially under 
pressure. At atmospheric pressure the dissolved gas escapes with 
effervescence (cp. Vol. III. Chap^ XV. “Effervescent Fats”). Lard 
also absorbs carbonic acid to some extent, and acquires thereby a 
tallow-like taste. With regard to the part which carbonic acid plays 
in the natural hydrolysis of oils and fats in seeds, cp. above, pp. 42, 43. 

Concentrated nitric acid attacks oils and fats, acting on them violently, 
with copious evolution of red fumes. Hot dilute nitric acid oxidises 
oils and fats gradually. Fahrion ^ concluded from some experiments 
that all glycerides of unsaturated acids when acted upon by nitric acid 
give rise to the formation of hydroxylated acids, which on further 
treatment with nitric acid are said to be converted into nitro-derivatives 
of hydroxylated acids. These statements stand greatly in need of 
confirmation; it appears, however, that “ oxidised ” acids (Chap.VIII.) 
were formed.^ 

Fuming nitric acid, in presence of concentrated sulphuric acid, 
reacts with linseed oil and castor oil to form “ nitrated ” oils, the 
nature of which has not yet been investigated, although they have 
found technical application (cp. Vol. III. Chap. XV. “ Nitrated Oils ”). 

Nitrous Acid. — On treatment with nitrous acid, the non-drying oils 
become solid, or acquire the consistence of butter according to the 
proportion of triolein (trierucin, etc.) they contain, triolein (trierucin, 
etc.) being converted into the solid isomeride triclaidin (tribrassidin, 
etc.) (cp. Chap. VII.). The vegetable drying oils, on the other hand, 
remain liquid under similar treatment. According to Lidqff,^ their 
specific gravity, as also their viscosity and saponification values, 
increase, whereas their iodine values and the proportion of insoluble 
fatty acids decrease. According to the same author, all oils after 
treatment with nitrous acid contain nitrogen, varying in amount from 
1 to 2-5 per cent. These nitrogenous substances may be reduced, 
yielding new compounds, which are stated to contain probably the 
NHg group. The free unsaturated acids yield no such compounds. 
These statements stand in need of confirmation.^ The fish, liver, and 
blubber oils behave with nitrous acid like the vegetable drying oils. 

Concentrated Sulphuric Acid. — On mixing concentrated sulphuric 
acid with oils and fats at the ordinary temperature, a rise of temperature 
{Maurnene’s test, Chap. VII.) and evolution of sulphurous acid 
become noticeable. If an oil containing chiefly glycerides of unsaturated 
fatty acids be mixed with the acid very gradually, and at a low tempera- 
ture, glycerides of a complex constitution are formed. Thus, on 
treating olive oil with concentrated sulphuric acid a compound was 
obtained which may be regarded {Geitel ®) as a mixed glyceride of oleic 
acid, stearic acid liydrogen sulphate, and hydroxystearic acid,® having 
the formula 

C,Hc[0 .C^8H330].[0.CigH,4(S04H ).0].[0.C.t8H3«(0H)0 ]. 

^ Zeits. f. angew. Chem,, 1891, 74. 

^ Cp. also English patent 3716, 1900 (S. von Graeve and A. Rcinecken) 

'* Joum. Chem.. Soc., 1893, Abstr. ii. 569. 

* Cp. Lewkowitsch, Jahrb. d. Ohemie, 1896 (6), 378. 

® /ourn. /. praJet. Chem., 1888 [63], 218. 
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This product is very unstable in the presence of water. On boiling 
with water it is rapidly decomposed into compounds which form a 
complete emulsion with the fat and .water (cp. Chap. II., and Vol. III. 
Chap. XV. “ Sulphuric Acid Saponification ”). This reaction is made 
use of in the manufacture of Turkey-red oils (Vol. III. Chap. XV.). 

In a study of the action of concentrated sulphuric acid on laurin 
— i.e. a saturated glyceride — van Eldik Thieme ^ showed that in the 
first instance there is most likely formed an addition product which, 
on the addition of a further quantity of sulpliuric acid, induces the 
“ acid saponification process ” (see Chap. II., and Vol. III. Chap. XV.), 
in which, apparently, the sulpho group, SO3H, enters into the molecule 
of laurin and produces free lauric acid, which in turn forms an addition 
product with sulphuric acid. This reaction only takes place at a low 
temperature and by using about 52 molecules of a 100 per cent sulphuric 
acid. Griln and Corelli also studied the action of sulphuric acid on a 
saturated glyceride with tristearin. Since the validity of their con- 
clusions has been questioned by van Eldik Thieme^ the reader must be 
referred to the original paper.^ 

The action of concentrated sulphuric acid on natural oils and fats, 
representing as they do a mixture of glycerides of saturated and un- 
saturated acids, will obviously lie midway between the two typical 
examples chosen above for unsaturated and saturated glycerides 
respectively. 

At a temperature exceeding 100° C., concentrated sulphuric acid 
reacts energetically with all oils and fats, partly carbonising them, but 
chiefly converting them into sulpho-compounds. On steaming, the 
latter are hydrolysed to glycerol and sulpho-fatty acids, which in turn 
are decomposed into sulphuric acid and fatty acids. On this reaction 
is based the “ acid saponification ” process employed in the candle* 
industry (see Chap. II., and Vol. III. Chap. XV.). 

Dilute sulphuric acid, even at temperatures of 100° C., does not act 
on oils and fats (Leivkowitsch ®). 

A dilute solution ol sulpho-aroinatic compoimds {TwitchelVs reagent) 
readily effects hydrolysis (cp. Chapter II.) of the glycerides. 

Hydrochloric acid exercises a very slow action at the ordinary 
temperature (see Chap. II.) ; at higher temperatures it behaves as a 
catalytic agent, and accelerates considerably the hydrolysis of oils 
and fats. 

Caustic alkalis, and less readily alkaline earths, if treated with oils 
and fats in contact with water, act in the first instance as catalysts and 
readily induce the hydrolysis of the glycerides (see Chap. II.). The 
free fatty acids formed combine immediately with the caustic alkalis 
and alkaline earths to form soaps. On this reaction are based some of 
the most important processes practised in the candle- and soap- making 
industries. 

1 Journ./. prakt. Chenu, 1912 ( 86 ), 284 . Zeits,/. angew. Cliem., 1912 , 668 . 

^ Joum. Soc. Chenu Ind., 1903 , 63 . 
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Ammonia hydrolyses oils and fats to some extent if acting under 
pressure ^ (see Vol. III. Chap. XV.). Alcoholic ammonia on prolonged 
standing in the cold with oils and fats yields amides {Rowney ^). 

Aromatic bases, such as aniline, etc., react similarly with oils and 
fats on being heated under pressure to 210° C. In the case of aniline, 
the reaction was stated to take place according to the following 
equation ^ : — 

C3H5COR)3+3CeH5.NH2=C3H5(OH)3-H3C6H6.NH.R 

(cp. Vol. III. Chap. XV.), and the yield of glycerol recovered was stated 
to be nearly 90 per cent. Kulka ^ showed that the process is entirely 
unworkable on a practical scale. Quensell ® hydrolysed the (synthetic- 
ally prepared) glycerides of stearolic and behenolic acids with aniline ; 
the yield of the anilide of fatty acids was, however, not staged. 

If hydroxylamine be used, hydroxam derivatives ® of the fatty acids 
are obtained, together with glycerol, as is exemplified by the following 
equation 

C3H6(0R)3+3NH2.0H-.C3H3(0H)a+3R.(N.0H)01I. 


The chemical changes involved by the action of acids and alkalis 
in the presence of water are of the greatest importance, both for the 
chemistry of oils and fats and in the industries connected therewith ; 
they will, therefore, be treated specially and explicitly from a scientific 
point of view in the following chapter, and from a technical point of 
view in Vol. III. Chap. XV. 

Oils and fats dissolve sulphur and phosphorus (see Chap. TV., and 
Vol. III. Chap. XV. “ Sulphurised Oils,” “ Phosphorised Oils ”) at the 
ordinary temperature ’ to a slight e.xtent.® They also dissolve .small 
quantities of soaps ; the solubility of the latter is considerably increased 
by the presence of ether and petroleum ether (cp. Chap. VI. “ Un- 
saponifiablc Matter ”). 


11. Waxes (Liquid and Solid) 

1. Chemical Constitution of Waxes. Preparation and 
Properties of Pure Waxes 

The most es.sential point of difference between fats and waxes has 
been explained already. Fats are the glycyl esters of the higher fatty 

^ Althougli this nicthoil has hcen patented frequently, new patents are still being 
taken out ; cp. Barbe, Oarelli, and de Paoli, French patent 372,341, and Fiist Addition 
No. 925.5 ; Krebitz, German patent 189,685; French patent 369,523 ; English patent 
4092, 1905. Jahrexberichte, 1855, 531. 

3 Liebreich, German patents 136,274, 136,917 ; French patent 322,026 ; English 
patent 12,957, 1902. 

* Chem. Reime, 1909, 30. ° Inaug. Dissert,, Berlin, 1909, 13. 

" Morelli, Atti R. Accad. dei Lincei, 1908, 17, ii. 74. 

’ At the temperatures above 180" C. sulphur interacts with fats (cp. p. 61). 

* On the solubility of indigo in oils and fats, cp. Journ. Roc. Ghevi. Ind., 1896, 
1027 ; and on the solubility of coflein cp. Zdts. f. angeio. Chem,, 1909, 1838. For the 
preparation of solutions of colouring matters in oils and fats cp. German patent 198,278 
and addition to it, German patent 213,172, Ch^m. Fahrik Flursheim. 
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acids, whilst the waxes proper must be considered as esters formed by 
the combination of mono- or dihydric alcohols with higher fatty acids. 
Thus cetin, or cetyl palmitate, is obtained from cetyl alcohol and 
palmitic acid by abstraction of water, according to the following 
equation — 

^16^33 • Cj 5 H 3 j . CO . OH — CJ 3 H 33 . 0 . CO . Cj 5 H 3 j -)- H 2 O. 

Therefore, whilst all fats have one common . basic constituent-— 
namely, the trihydric alcohol : glycerol — the waxes are characterised 
by their basic constituents being monohydric and dihydric alcohols. 
The alcohols hitherto identified in waxes belong both to the aliphatic 
and cyclic series ; the former are represented by alcohols of the ethane, 
allylic, and glycolic series, the latter by the sterols. Amongst 
the solid fatty acids, none found hitherto has a lower number of carbon 
atoms than myristic acid. The fatty acids of wool wax are remarkable 
for the ease with which they are converted into lactones.^ The nature 
of the liquid fatty acids in waxes has not yet been ascertained fully. 

The following pure “ waxes ” have been isolated from natural 
waxes, or have been prepared synthetically by the usual methods 
employed for the preparation of simple esters : ^ — 

Cetyl Palmitate, Cetin, CigHgg.O.CO.CigHai, the cliiof constituent 
of spermaceti, is prepared by repeatedly crystallising spermaceti from 
ether. Cetin forms white crystals, melting at 55° C., easily soluble in 
boiling alcohol, but nearly insoluble in cold alcohol. In a vacuum, 
cetin can be distilled unchanged. When distilled under ordinary 
pressure, or even under a pressure -of 300 to 400 mm., it is split into 
palmitic acid and the hydrocarbon hcxadecylene (cetenc), as is indicated 
by the following equation — 

Cj3H33 . 0 . CO . C 15 II 31 — C 13 H 32 O 2 -I- C 13 II 32 . 

Octodecyl Palmitate, C,,H3,.0.C0. C 15 H 31 , forms crystals melting 
at 59° C. 

Ceryl Palmitate, C 2 QH 53 . 0 . CO . the chief constituent of 

opium wax, crystallises from boiling alcohol in small prisms, melting 
at 79° C., and solidifying at 76° C. 

Myricyl Palmitate, Myricin, C 3 QHgj.O.CO.Ci 5 H 3 i, the chief con- 
stituent of that portion of beeswax which is insoluble in alcohol, forms 
feather-like crystals melting at 72° C. 

Cetyl Stearate, C^gllgg . 0 . CO . C 17 H 35 , forms large scales resembling 
those of spermaceti. Cetyl stearate melts at 55°-60° C. ; it distils at 
360° C. without perceptible decomposition. It is readily soluble in 
ether, chloroform, carbon bisulphide, and in boiling alcohol. 

CeryV Cerotate, C 26 H 53 .O.CO.C 25 H 51 , occurs in Chinese wax, which 
consists almost exclusively of this ester. It has also been found in 

^ Levvkowitseb, Jounu Soc, Cheni. Ind,, 1892, 132 ; 1896, 14. 

^ It may be pointed out that by fusing together cholesterol with fatty acids (palmitic, 
stearic, oleic), no esters are formed. From the melt either the original substances are 
obtained or mechanical mixtures thereof. If, however, carbonic acid is passed tlirough 
the melted mass at temperatures above 260“ C., so ns to carry away water, then esters 
ftre formed (as in Scheij’s method},— J. R. Partington, Joum, C/iem. Soc., 1911, 313. 

VOL. I F 
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opium wax, and very likely occurs in wool fat. Ceryl cerotato forms 
anow-wkite, lustrous scales (from chloroform) melting at 82-5° C. 

Cocceryl Coccerate, Coccerin, C3oHg(j(O.C3iHQj02)2, has been obtained 
from the cochineal wax {Liehermann in the form of nacreous, thin 
laminoo (from benzene) melting at 106° C. Coccerin is nearly insoluble 
in cold alcohol and ether, and dissolves with great difficulty in cold 
benzene and glacial acetic acid. 

Cholesteryl Palmitate, C„H«.O.CO .CjgHgj, occurs in blood-serum,^ 
and in the human epidermis ; * it forms snow-white plates melting at 
77°-78° C. {Hurthle^)y 79° {Windaus^), or long needles of silky lustre 
melting at 77° C. {Herbig ^). It is prepared synthetically by Berthelot's 
method (cp. cholesteryl stearate) {Hurthle) or by passing a current of 
dry hydrochloric acid through a mixture of 30 grms. of cholesterol and 
60 grms. of palmitic acid at a temperature of 124° C. {Herbig^). 

Cholesteryl Stearate^ C27H45 . 0 . CO . has been prepared syn- 

thetically by heating one part of cholesterol with 8-10 parts of stearic 
acid to a temperature of 200° C. [Berthelot). It has been stated to 
occur in wool wax conjointly with isocholesteryl stearate (cp. Vol. II. 
Chap. XIV. “ Wool Wax ”). It crystallises in small needles melting 
at 82° C., is nearly insoluble in alcohol, and only slightly soluble in ether. 
At 37° C. cholesteryl stearate is capable of holding in solution : — olive 
oil, 3-37 per cent ; castor oil, 0-26 per cent ; oleic acid, 4*11 per cent ; 
ricinoleic acid, 0-33 per cent.® 

Isocholesteryl Stearate, C27H45.O.CO.C47H35, has also been obtained 
by synthetical methods. It crystallises in fine needles melting at 
72° C,, and is but very slightly soluble in boiling alcohol. 

Cholesteryl Oleate, C„H«.O.CO .C17H33, has been found conjointly 
with the palmitate in blood-serum. It crystallises in long, thin needles 
melting at 42° C. ; it is soluble in ether, chloroform, and benzene, but 
only sparingly so in alcohol ; its specific rotation is [aji, = - 18° 48'.'^ 

Cholesteryl Cerotate, C27H45.O.CO.C25H54, is prepared by passing 
a current of dry hydrochloric acid through a mixture of cholesterol 
and cerotic acid at 145° C. for two hours ; after repeated crystallisation 
from petroleum ether it forms a powdery non-crystalline mass [Herbig 
melting at 85-5° C. 

Melissyl Melissate (Myricyl Melissate), CgQHgj . 0 . CO . C29H59, occurs 
in gum lac (Gascaro) and on the bark of latropha Curcas (see “ Curcas 
Wax,” Vol. II. Chap. XIV.) ; it melts at 92° C. The statement made 
by Kissling,^ that melissyl melissate occurs in tobacco, has been refuted 
by Thorpe and Holmes.^ Hence KissUng’s note as to the occurrence 
of this wax in hay also stands in need of confirmation. 

For other esters of cholesterol and its congeners see Chap. III. 

^ Berichte, 1885, 1975. ^ HiirtWe, Journ. Chem. Soc., 1896, Ab'str. i. 485. 

^ Salkowski, Biochem. Zeits., 1910 (23), 361. 

* Hoppe-Seyler’s Zcits. /. phys. Chem. 65 (1910), 117. 

» Zeits./. offentl. Chem., 1898 (4), 227. 

* Filelme, Zeit.f, die gesamte Biochemie, 1907, 304. 

^ 'Die preparation of solutions of cholesteryl oleate in fatty acid esters and in natural 
oils and fata has been patented by the Farbenfabrlken vorm Fr. Bayer & Co., German 
patent 236,080. 

» Chm. Zeit., 1901, 684. 


" Journ. Chem. Soc^, 1901, 982. 
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2. Properties of Natural Waxes 

Liquid waxes have hitherto been found only in animals, and are 
represented by two “ species ” of waxes which are so nearly related to 
each other that up to the present it has been impossible to distinguish 
them by chemical means alone. These liquid waxes are most probably 
compounds formed by the union of unsaturatcd alcohols, of the series 
unsaturated fatty acids.^ In the fresh state they are 
practically neutral compounds, hence th^y contain only small pro- 
portions of free fatty acids ; they do not emit the odour of acrolein 
on heating, as glycerol is absent.^ In their physical properties the 
liquid waxes much resemble fatty oils. They also behave similarly 
to solvents. Much as animal oils and fats of one and the same species 
vary with the race and breed, food, etc., so vary also animal waxes, 
especially beeswaxes (sec “ Beeswax,” Vol. II. Chap. XV.). 

Liquid waxes are readily distinguished from fatty oils by tlieir 
lower specific gravities, which vary from 0-875 to 0-881. 

Solid waxes, although very widely distributed as secretions of both 
vegetable and animal organisms, occuir in much smaller quantities 
than do oils and fats. The waxes secreted by the lowest organism, 
such as bacilli and algre, have not yet been fully investigated, although 
the former is now prepared commercially (cp. Vol. II. Chap. XIV.). 
The wax secreted by algic in the earlier history of the earth is con- 
sidered by Kraemer to be the mother-substance of petroleum, or at 
least of some varieties (“ species ” ^) of petroleum,^ a view to which 
Hofer strongly objects. The wax-like substances occurring in lignite 
and peat would also appear to belong to the vegetable waxes ; on 
account of the commercial importance which the decomposition products 
of these substances possess they will be considered under “ Candle 
Manufacture ” (Vol. III. Chap. XV,). 

The solid waxes differ in certain respects from the fats with regard 
to their behaviour to solvents. Some arc completely soluble in ether, 
whereas others are only partly soluble. They also difl'er in their 
solubility as regards boiling alcohol. In their liquid state they leave 
a grease spot on paper like fats. They do not turn rancid on keeping, 
owing to the stability of the esters (as also of their fatty acids). The 
fatty acids belong preponderantly to the saturated series. The following 
liquid acids — oleic, linolic, and linolenic — have been stated to occur in 
flax wax (see Vol. III. Chap. XV,). On destructive distillation the 
esters of. the solid waxes are readily converted into hydrocarbons. 
According to Redtenbacher,^ no sebacic acid is found in the products of 
distillation. 

Spermaceti and insect wax consist practically of pure esters (cetyl- 
palmitate and cerylcerotate respectively), and in their fresh state are 
devoid of free fatty acids, free alcohols, and hydrocarbons. They thus 

^ LewkowitHcli, Journ. Soc. Chem. hid,, 1892, 135. 

^ Cp,, however, “Sperm Oil," Vol. II. Chap. XIV. 

“ Cp. Jahrhuch dcr Chemie, 1900, x. 391. * Ibul., 1907, xvii. 416. 

^ Liebig's Annal., 1840 (35), 190. 
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approximate in their chemical composition more closely to the liquid 
waxes than to the other solid waxes. 

Carnaviba wax, wool wax, and beeswax amongst the solid waxes 
have not yet been examined so thoroughly that definite statements 
as to their composition can be made. They consist to a great extent 
of esters, but contain also considerable quantities of free fatty acids and 
free alcohols (in the case of carnaiiba wax most likely also lactones). 
Notable amounts of hydrocarbons are found in carnaiiba wax and in 
beeswax. 

Whereas in the case of oils and fats, the occurrence of free fatty acids 
must be considered as an indication that hydrolysis has taken place, 
the same cgpnnot be said with certainty of the waxes ; at any rate not 
in the present state of our knowledge. Perhaps the conjecture is 
permissible that the occurrence of free fatty acids is due to a secondary 
action, if we bear in mind that in those waxes which contain free fatty 
acids, free alcohols are present simultaneously. Some vegetable waxes, 
e.g. Raphia wax, appear to consist entirely of alcohols. In the case of 
fats the free “ alcohol ” escapes detection, as glycerol is very easily 
soluble in water. 

The flash points of beeswax and carnaiiba wax are lower than those 
of oils and fats (beeswax 244°-250'^ C. ; carnauba wax SIO'^ C.) {Stoeber ^). 
This is perhaps due to the volatilisation of the free alcohols ; at 
any rate, in the case of wool wax, the author was able to prove that 
free alcohols volatilised at a comparatively low temperature. 

It cannot yet be stated with certainty whether the vegetable waxes 
differ from animal waxes by presence of phytosterol. Wool wax 
is pre-eminently characterised by containing a very large proportion 
of cholesterol and isocholesterol. Berg ^ is of the opinion that beeswax 
contains cholesterol, but this must be accepted with reserve as the 
proof for the presence of cholesterol rests on doubtful colour reactions. 

The presence of phytosterol has so far been proved in the vegetable 
flax wax. 

Although insoluble in water, the solid waxes have the property of 
forming emulsions with water, so much so that large quantities of 
water can be incorporated with them (Vol. II. Chap. XIV. and Vol. III. 
Chap. XV. ) with the production of salve-like substances. 

Concentrated sulphuric acid in the hot carbonises the waxes. Dilute 
sulphuric acid is without any action on them. 

Caustic alkalis hydrolyse the neutral esters more or less readily. 
Processes for the saponification of waxes will be considered in the 
following chapter, and in Vol. III. Chap. XV. under “ Technology of 
Waxes.” 

Etholides 

Bougault and Bourdier^ describe a new class of vegetable waxes 
obtained from the leaves of coniferous plants (Juniperus Sabina^ 
J. communis, Picea excelsa, Pinus sylvestris, Thuja occidentalis) by 

1 Chem. ZeiL, 1909, 1275. “ (Jhem. Zeit., 1909, 779. 

® Ooinpt. rend., 1908 (147), 1311. 
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boiling out with 90 per cent alcohol. These waxes differ in their 
Jfhemical constitution from all other waxes described in this work, in 
that they do not yield on saponification an alcoholic constituent like 
cetyl-, or melissylalcohol, both constituents of the waxes obtained by 
saponification having an acid character. Hence, if barium chloride 
solution 'be added to the alcoholic solution obtained on saponifying 
the waxes with alcoholic potash, and the dried precipitate be treated 
with petroleum ether or cold ether, nothing is thereby extracted. 
These waxes are therefore judged to be the esters of acids containing 
aQ alcoholic hydroxyl (alcoholiform) group, and the esters seem to 
have been produced by the radicle of the acidic constituent entering 
into chemical combination (esterification) with another molecule of 
the same or a similarly constituted alcoholiform acid. The authors 
therefore propose for these substances the name etholides, and compare 
them in their constitution with Fischer's peptides, which are formed 
from aminoacids. In the author’s opinion it would appear more 
appropriate to compare these products with the polyricinoleic acids, 
which ricinoleic acid is capable of forming. 

The wax obtained from Juniper Sabina melts from 13'' to 78° C., 
and can be resolved by treatment with solvents into fractions melting 
at 68°, 72°, 76°, and 82° C. respectively. 

The acid value of the constituents into which the waxes are resolved 
by saponification varied from 25 to 54 ; the saponification value was 
about 230. As they are able to absorb acetyl groups in the acetylation 
test it is concluded by the authors that the constituents contain alcoholic 
hydroxyl groups. Hitherto two hydroxy acids have been isolated, viz. 
a hydroxylauric acid, Ci 2 ^ 24 ^ 3 > nielting at 81° C., which the authors 
term sabinic acid, and a hydroxypalmitic acid, CieH 3203 , termed 
acidJ 

The wax obtained from Thuja occidentalis contains in addition to 
sabinic acid a small quantity of thapsic acid,^ melting at 1 24° C. Thapsic 
acid is a dibasic acid (CH 2 )i 4 (COOH) 2 . 

^ Journ, P/xirm. Chim.^ 1911 (7), 101. 


1 CJiem. ZelU 1910 (150), 87-1. 



CHAPTER 11 

SAPONIFICATION OF FATS AND WAXES 

The chemical change which takes place on boiling fats with strong 
bases, and which results in the formation of glycerol and of salts of 
the higher fatty acids, has been termed “ saponification.” In a wider 
sense, however, every chemical ])rocess by which fats or waxes are 
resolved into their proximate constituents— glycerol and fatty acids 
in the case of fats, and higher alcohols and fatty acids in the case of 
waxes — is called saponification, even if no bases be employed to effect 
the reaction. 

The term “ saponification ” is almost exclusively used in practice, 
its synonym “ hydrolysis ” being confined to papers of a scientific 
character. It would appear preferable to denote by the term 
“ hydrolysis ” all those reactions in which no strong bases are used, 
and to restrict the term “ saponification ” to those processes in which 
alcohols and soap are obtained as the ultimate products. But it is 
impossible to draw a sharp line of demarcation, as we have a number 
of processes in which practically complete resolution of the glycerides 
into their proximate constituents is brought about by an amount of 
bases which is far from sufficient to neutralise the fatty acids produced. 


Saponification of Fats 

The chemical change which fats undergo on being hydrolysed or 
saponified is expressed by the following equation : — 

O.R O.M 

(1) CaHsO.R+SM.OH-CaHsO.M+aR.OH, 

O.R O.M 

where K denotes the radicle of any fatty acid, and M stands for hydrogen 
'(or a monovalent metal). (In the case of a bivalent metal equation 
(I) must be replaced by equation (4), p. 97.) 

It follows from the equation that the products obtained by hydrolysis 
with water alone must exceed, theoretically, the quantity of fat or 
glycerides operated upon. This is clearly set out in tfic following 
table : — 
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Glycei'ido. 

Fot'nicla. 

Mole- 

cular 

Prmiucts ob- 
tained on 
saponitlcation 
of 100 imrts. 

Excess 

over 

100 

parts. 



weiglit. 

Katty 

acids. 

Gly- 

cerol. 

Butyrin (Glycyl tributyrate) 

03 H 5 (OC,H, 0 )« 

302 

Per cent. 
87-44 

Per cent. 

30-46 

Per cent. 

17-90 

Caproin (Glycyl tiicaproato) 

GsHsIo-ObHiiO )3 

386 

90-16 

23-96 

14-11 

Caprylin (Glycyl tricaprylate) . 

C3H5(0C3Hi50)3 

C3H5(OC,oH„0)3 

470 

91-91 

19-68 

11-49 

Caprin (Glycyl tricaprato) . 

664 

93-14 

16-67 

9-81 

Laurin (Glycyl trilaurate) . 

G3HB(0-C\2H2a0)3 

638 

94-04 

14-42 

8-46 

Myristin (Glycyl trimyristate) . 

C3H5(0C,,H2,0)3 

722 

94-76 

12-74 

7-49 

Palmitin (Glycyl tripalmitatc) . 

C3H5(0-t\,H3i0)3 

806 

96-29 

11-42 

6-71 

Stearin (Glycyl triatearate) 

)3 

890 

9.5-73 

10-34 

6-07 

Olein (Glycyl trioleate) 

C3H5(0-C\3H330)3 

884 

95-70 

10-41 

6-11 

Linolin (Glycyl trilinolate) 

C3Hb(0-Ci3H3i0)3 

878 

9.5-67 

10-48 

6-15 

Linolenin (Glycyl trilinolenatc) . 

03H5(0-C„H230)3 

872 

96-03 

10-55 

6-18 

Clupanodonin (Glycyl triclupan- 
odonate) .... 

C3H5(0-C,3H2,0)3 

866 

9.5-01 

10-62 

6-23 

Ricinoloin ((/lycyl triricinolcatc) 


932 

95-93 

9-87 

6-80 

Arachin (Glycyl triarachidato) . 
Erucin (Glycyl trierucato) . 

G3H5(0’C2oH3bO)3 

974 

96-09 

9-46 

6-64 

C3H5(OC22H,iO)3 

10.62 

96-39 

8-74 

5-13 


In the light of experiments made by Geitel ^ and by Lewhowitsch ^ 
equation (1) must be considered as summarising the following three 
equations : — 

O.R O.M 

(Irt) CsHsO.R+M.OH-CaHgO.H j-R.OH, 

O.R O.R 

O.M O.M 

(li) C 3 TI 5 O.R-fM.OH-C 3 H 5 O.M-l-R.OH, 

O.R O.R 

O.M O.M 

( Ic ) CsHbO . Mq M . OH - C 3 H 5 O . M+ R . OH, 

O.R O.M 

These equations express the fact that hydrolysis (saponification) takes 
place in three stages, inasmuch as oils and fats pass from the triglyceride 
through the diglyceride and monoglyceride to the products of complete 
hydrolysis. 

On carrying out “ hydrolysis ” or “ saponification ” on a practical 
scale, we cannot expect these three stages to take place consecutively, 
in distinct succession ; or in other words, we cannot expect to find 
that the whole mass of triglycerides is at first hydrolysed exclusively 
to diglycerides (as is indicated by the equation (la)), that the diglycer- 
ides are then broken down to monoglycerides (as is shown by the 
equation (16)), and that finally the monoglycerides so formed are 

^ Jourti.f. prakt. Chem., 1897 (55), 429. 

« Joum. ISoc, Chem. Ind., 1898, 1107 ; Proc. Clum, Soc., 1899, TOO ; Berkhte, 
1900, 89. 
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converted into glycerol and free fatty acid (Ic). We shall rather find 
that the three phases, which are expressed by the above three equations, 
take place concurrently, so that at one and the same time a molecule 
of diglyceride may be broken down to monoglyceride and fatty acid, 
or a molecule of monoglyceride to glycerol and fatty acid, whilst a 
molecule of triglyceride is still intact, or is passing through the first 
phase. Therefore, on bringing about very rapid hydrolysis we shall 
not always be able to observe experimentally ^ the intermediate, 
transitory phases. If, however, hydrolysis or saponification be effected 
somewhat slowly, we may be able to find in the partially saponified 
mass : (1) unsaponified triglyceride, (2) diglyceridc, (3) monoglyceride, 
(4) glycerol, and (5) free fatty acids. 

This has been verified to some extent by experiments of Geitel ^ 
and especially by those of LewJcowitsch.^ I select from a large number 
of experiments I have made, the following as best demonstrating the 
fact that mono- and di-glycerides are formed as intermediate products 
in the course of saponification by means of caustic alkalis and caustic 
alkaline earths : — ■ 

^ Cp. in this respect Table 7, Berichte, 1900, 93 ; cp. also Lewkcvvitsch, ibid,, 1903, 
3760 ; 1904, 881. Hence the opinion stated by Kellner (Cheiii. ZcU., 1909, 453) on the 
strength of two experiments made by saponifying palm kernel oil with aqueous ])otash 
is entirely inconclusive. Cp. also B. Wegseheider, (Viem. Zeit., 1909, 1220. 

^ Journ.f. iiraH. Ghem., 1897 (55), 429. 

5* Joum. Chem.lnd., 1898, 1107 ; Proc. Cfiem. Soc., 1899, 190 ; Berichte, 1900, 
89. 
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Saponification of Tallow with Caustic Soda (Lewkowitsch) 




Acetylateil Product. 

Partially Saponified Tallow. 

Acid Value. 

Acetyl 

Value. 

Insoluble 
Fatty Acids. 

Saponification 

Value. 



Per cent. 

Sample No. 1 . . . 

12*2 

17*1 

94*4 

207*9 

2 ... 

12*8 

24*3 

94*7 

210*2 

„ „ 3 ... 

20*9 

18*9 

94*9 

206*6 

,, ,, 4 ... 

31*4 

9*7 

95*8 

203*1 

II 11^ . . . 

45*4 

15*3 

96*0 

208 -1 5 

„ M 6 ... 

77-9 

11*2 

97*0 

206-7 

1, 1, 7 ... 

105*8 

52*03 


237*65 

„ 8 ... 

126*8 

65*6 


252*5 

® ... 

145*3 

78*9 


269*0 

1, 1, 10 

152*4 

61*8 


252*7 

Fatty Acids, obtained with Al- 1 


8*8 

99*6 

212*8 

coholic Potash, Acetylated / 



Saponification of Tallow with Caustic Lime {Lewkowitsch) 




Acetylated Product. 

Partially Saponified Tallow. 

Acid Value. 

Acetyl 

Value. 

Insoluble 
Fatty Acids. 
Per cent. 

Saponification 

Value. 

Saunde No. 1 

20*6 

13*9 

93*3 

210*05 

„ M 2 ... 

40*9 

22*3 

93*5 

215*3 

,, ,, 3 ... 

79*0 

16*6 

93*6 

214*6 

„ „ 4 ... 

46*1 

16*7 

94*6 

212*3 

„ 5 

60*98 

27*9 

93*87 

221*4 

„ „ 6 ... 

69*6 

28*0 

93*6 

223*75 

„ 7 ... 

114*2 


94*97 

216*5 

If M 8 ... 

122*05 

27*2 

96*5 

226*7 

„ „ 9 ... 

110*9 

42*0 

93*8 

239*36 

„ 10 ... 

128*4 

... 

96*57 

218*7 

Fatty Acids, obtained with Al- \ 
coholic Potash, Acetylated J 

... 

6*7 

99*5 

212*8 
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Saponification of Cotton Seed Oil with Caustic Soda (Lewkowitsch) 




Aeotylated Product. 

Partially Sai)Oiiilled Oil. 

Acid Value. 

Acetyl 

Value. 

Saponification 

Value. 

Sample No. 1 ... 

1-63 

14*15 


„ M 2 ... 

3-4 

25*9 

221*7 

,, ,, 3 ... 

18*4 

27*3 

226*7 

„ 4 ... 

39-7 

21*6 

232*85 

,, ,, 5 ... 

45-3 

29*8 

222*65 

fi ... 

57*0 

29*5 

231*4 

M 7 ... 

71-8 

25*0 

225*3 

,, ,, 3 ... 

95-5 

20-8 

223*8 

„ M 0 ... 

108*2 

25*85 

235*0 

.. M 10 ... 

113*7 

22*4 

221*2 

11 ... 

161*0 

21*7 

219*9 

Original Oil, Aeotylated . 


15*8 


Fatty Acids, obtained with Al- \ 
coholic Potash, Aeotylated j 

201*2 

17*9 

1 


Saponification of Cotton Seed Oil with Caustic Lime [Lewkowitsch) 


1 

Partially Saponified Oil. 

Acid Value. 

Acetylated Product. 

Acetyl 

Value. 

Insoluble 
Fatty Acids. 
Per cent. 

Saponification 

Value. 

Sarnph^ No. 1 

0*5 

14*9 

94*5 

206*3 

2 ... 

0*6 

20*0 

92*84 

209*2 

„ 8 ... 

16*0 

43*15 

92*0 

230*1 

„ M 1 ... 

17*6 

59*2 

89*1 

240*0 

,, ,, 5 ... 

19*9 

28*3 

92*35 

215*3 

M „ 6 . . 

53*4 

24*9 

93*8 

214*8 

M 7 . 

73*2 

32*4 

93*0 , 

223*4 

Original Oil, Acetylated . 

0*0 

11*7 

93*6 


Fatty Acids, obtained with Al- \ 
coholic Potash, Acetylated / 

199*45 

13*8 

99*4 

1 

216*4 


Reasoning by analogy, hydrolysis by means of sulphuric acid 
should also take place in stages. Direct experimental proof may be 
found in the observation made by Grun and Theimer ^ that on hydro- 
lysing distearo-a-chlorohydrin with 98 per cent sulphuric acid, there 

> JiericMe, 1907, 1801. 
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were obtained, besides still unchanged distearochlorohydrin, the follow- 
ing products : monostearochlorohydrin, monochlorohydrin, and stearic 
acid. These products of hydrolysis thus represent the three stages of 
diglyceride, monoglyceride, and free fatty acid. 

Nevertheless Griin and Corelli arrived at the conclusion that by 
hydrolysing triglycerides with concentrated sulphuric acid diglycerides 
are formed to the exclusion of monoglycerides. Although van Eldik 
Tkieme (see below) controverted this opinion by experimental evidence, 
Griin and Corelli repeated this statement recently.^ This cannot, 
however, be accepted as correct. The supposed experimental evidence 
furnished by Corelli rests more or less on rule-of-three calculations, 
the basis for which is open to grave objection. More conclusive are 
the experiments of van Eldik Thieme^ who treated laurin with varying 
amounts of concentrated sulphuric acid at the temperatures stated in 
the following table, for thirty minutes, and then poured the product of 
the reaction on to pounded ice, so as to prevent hydrolysis. Then a 
sufficient amount of alcohol was added to yield a 60 per cent alcoholic 
solution, which was shaken out with a mixture of ether and petroleum 
ether. The solution was washedtwith water and the ether evaporated. 
The residue consisted in the case of experiment No. 3 of pure lauric 
acid ; in experiments No. 1 and No. 2, besides lauric acid, notable 
amounts of non-hydrolysed glycerides were obtained. In the 4th 
experiment the non-hydrolysed glyceride amounted to 20 per cent, 
and appeared to contain dilamin and monolaurin in addition to 
trilaurin.^ 

One Molecule of Trilaurin hydrolysed with Concentrated Sulphuric Acid 


No. 

Molecules of Sulphuric Acid 
of per cent : 

Temperature. 

Product contained 
Free Fatty Acid. 

100 

94-6 

•c. 

Per ceiit. 

1 

6-6 


18 i 

86-6 

2 

26-0 


1-2 ' 

95 -5 

3 

62-0 


1-2 ! 

100-0 

4 


62-0 

1-2 1 

1 

80-0 


In a more recent paper the same author ^ shows (as would seem to 
follow from the experimental evidence under No. 3 of the foregoing 
table) that an addition-product of laurin and concentrated sulphuric 
acid is formed which is only stable at a low temperature and is readily 
hydrolysed by water, especially at a higher temperature. Van Eldik 
Thieme was able to show that monolaurin and dilaurin are formed as 
intermediate products, if the hydrolysis is carried to practical com 

^ Zeit$, /. angew, Chem,, 1912, 666. 

Proceed. K. Akad. van Wetensdu, Amsterdam, 1908, 855 ; cp. n]so Griin and 
Theimer, Berichte, 1907, 1801. 

» Cp. also Vol. II. Chap. XIV. “Butter Fat.” 

* Zcita. /. prakt. Chem., 1912 (86), 800. 
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pletion. The resolution of trilaurin by concentrated sulphuric acid may 
be expressed by the following set of equations {van Eldik Thieme ) : — 

( 1 ) CHa . OR - CH . OR - CE^ . OR + nH^SO^^ CHa . 0 . SO3H - CH . OR - CH^ . OR 


CHa . OR - CH . 0 . SO3H - CHa . OR+ (ROM . HaSOJ, 

(2) CHa . OR - OH . OR - CHa - OR+mHaSO^ 

= CHa . 0 . SO3H - CH . 0 . SO3H - CHa . OR 


CHa . 0 . SO3H - CH . OR - CHa . 0 . SO3H + (2ROH . H gSO 

( 3 ) CHa.OR-CH.OR-CHa.OR+rHaSOi 

==CH2.0. SO3H-CH.O . SO3H-CH2.O. S03H+(3ROH.H2S04), 


or, what is more likely, by the following set : — 


(1«) CHa.O. SOsH-CH.OR-CHa.OR+fiHaSO^ 

-CHa-O. SO3H-CH.OR-CH2.O. SO.,H+(ROH.HoSO,), 


CHa . OR - CH . 0 . SO3H - CHa . OR+ sHaSO^ 

= CH 2.0 . SO3H-CH.O . SOall-CH, . OR 1 (ROH.H2SO4), 
(2a) CHa.O. SO3H -CH. OR -CHa.O. SO3H | pHaSO^ 

- CHa . 0 . SO3H - CH . O . SO3II - CH a . 0 . SO3H + (ROH . HaSO^ ), 

or : — 


CHa . 0 . SO3H - CH . 0 . SO3H - C Ha . OR f pHjSOi 

-- CHa . 0 . SO3H - CH . 0 . SO3 H - CHaO . SO3H+ (ROH . HaSO, ). 


Similarly, glyceryl trinitrate is hydrolysed by a 70 per cent sulphuric 
acid to glyceryl dinitrate, and glyceryl dinitrate in its turn to mono- 
nitrate and glycerol.^ In the case of glyccroltrisulphuric acid the 
correctness of the theory can be demonstrated even more conveniently 
inasmuch as the glycerolnionosulphuric acid formed as an intermediate 
product is somewhat resistant to the action of water and requires to 
be boiled with water for some prolonged time before it is finally dis- 
sociated to glycerol and sulphuric acid.^ 


The author’s views have been repeatedly attacked, and for a short 
time the objections raised against them appeared to be supported by 
considerations based on some physico-chemical measurements. Whilst 
purely chemical objections have been shown by the author himself to 
be irrelevant, more recently published investigations (by a number of 
observers) of a physico-chemical nature have proved undoubtedly that 
hydrolysis does take place in stages. For the voluminous literature, 
to some extent of a controversial nature, the reader must be referred 
to the sources given in the footnote.® 

Kellner^ complemented the author’s chemical experiments by 

1 Will., Berichte^ 1908, 1107. 
van Eldik Thieme, Journ. /. prakt. Chem., 1912 (85), 306. 

» Jahrhuch d. C%em., 1897, vii. 367 (Geitel) ; 1898, viii. 390 (Lcwkowitsch) ; 1899, 
ix. 362 (Lewkowitscli) ; 1902, xii. 362 (Balbiano) ; 1904, xiv. 429 (Balbiauo ; Fanto) ; 
1905, XV. 419 (Kreniann; Fanto); 1906, xvi. 396 (Kreniann; Marcusson; Lcwkowitsch); 
1907, xvii. 406 (J. Meyer ; Kreniann ; Weg.scheider ; Fanto and Stritar) ; Journ. f. prakt. 
(Jhem., 1908, 364 (Kreraanu) ; Jahrhuch d. Chevi., 1908, xviii. 406 (Lcwkowitsch) ; 1909, 
xix. (Kellner) ; J. Meyer, Zeits.f. phys, Chem. 66, 81. 

< Chem. Zeit., 1909, 463, 662. 
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determining the percentage of glycerol, which partially hydrolysed 
glycerides yield. In the case of hydrolysis in an autoclave by means 
of bases, then by hydrolysis with the aid of the Twitchell reagent and 
the castor seed ferment, the estimation of glycerol in the partially 
hydrolysed fats proved that lower glycerides (mono- and di-glycerides) 
were present. The contrary conclusion arrived at by Kellner in the 
case of saponification with caustic potash has been shown by the 
author to be inconclusive (see p. 76). Finally, V. Fortini} employing 
the chemical method proposed by the author, fully confirmed the 
latter’s earlier results and conclusions by determining the acetyl values 
of partially saponified triglycerides, alcoholic potash being the saponify- 
ing agent. 

In full agreement with the experiments is the evidence afforded 
by the synthesis of triglycerides, as it is possible to build them 
up from glycerol and fatty acid to' monoglyceride, from the mono- 
glyceride to diglyceride, and from the diglyceride to triglyceride (see 
Chap. I.). 

The occurrence of dierucin (in old rape oil), for a long time looked 
upon as an exceptional phenomenon, is now satisfactorily explained, 
and the presence of mono- and di-glycerides in rancid fats becomes 
very probable. This is well illustrated by the changes olive oil under- 
goes in stored olives (see Vol. II. Chap. XIV. “ Olive Oil ”). 

Since in the absence of water no hydrolysis can take place, water 
must be considered as the hydrolysing agent, whether it be employed 
alone, or whether its action be assisted by catalytic agents, such as 
acids or ferments. In these cases the reaction is expressed by the 
following equation : — 

O.R O.H 

(2) CgHsO . R I 3H . OH^CW) . H + 3R . OH 
O.R O.H 

If bases be chosen as catalysts (catalysers), a subsequent chemical 
reaction takes place, viz. the combination of the base with the fatty 
acids. Thus, if in equation (1) M be a monovalent metal, e.g. sodium, 
the final products will be glycerol and soda soap, as expressed by the 
equation : — 

O.R O.H 

( 3 ) C 3 H 5 O . R + 3Na . OH = C 3 H 5 O . H + 3Na . OR 
O.R O.H 

On a large scale fats are hydrolysed by various methods. These 
will be considered from a technical point of view in Vol. III. Chap. XV. 
Here the underlying principles will be discussed in a short review of 
the several processes leading to hydrolysis. 

It has been pointed out already (p. 48) that at a high temperature 
water alone can effect hydrolysis.^ This reaction can be realised in 
practice, and has indeed been carried out on a large scale by heating 

^ Client. Zeit.f 1912, 117. For a criticism of this paper cp. ibid.^ 1913, 541 
(J. Meyer). 

^ It has been shown above (bog butter, etc.) that, given sufficient length of time, 
water at the ordinary temperature can effect complete hydrolysis. 
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fats with water under a pressure of 16 atmospheres (which is equivalent 
to a temperature of 202° C.), or by distilling fats in a current of super- 
heated steam, wlien fatty acids, together with the glycerol formed, 
are carried over by the steam. 

The following table, due to KUmont} is instructive as showing * 
the progress of hydrolysis at pressures of 7 and 15 atmospheres 
respectively : — 


Aqueous Saponification of Neutral Fats under Pressure 


30 grins, of Oil or Fat and 500 gnus, of Water. 


Kind of Fat , or Oil. 

At a Pressnro of 7 Atmospheres. 
Acid Values after 

At a Pre.s.surB of 15 Atmospheres, 
Acid Values after 

2 lira. 

4 hrs. 

0 hrs. 

8 hrs. 

IJlirs. 

2 lirs. 

4 hrs. 

6 hrs. 

Cocoa nut oil . 

0-1 

0*3 

0-5 

0-9 

78-6 

90-2 

123*9 

185*5 

Japan wax 

4-8 

5-3 

9-4 

13*1 


12‘3 

32*6 

46*1 

Tallow . 

17-5 

37*3 

67*3 

84-8 


62 '3 

106*3 

155*8 

Tallow stcarine 

15*3 

38*3 

65-5 

81-6 


60-4 

98*7 

160*3 

Cacao butter . 

12-3 

24-5 

45*1 

62-6 


34 '5 

76*1 

160*5 

Olive oil . 

15‘1 

32*1 

53-0 

71*4 


66 ’6 

114*5 

169*5 

Sesanifi oil 

14-3 

31 '1 

56-2 

76 0 


61 ’7 

108*4 

153*7 

Cotton seed oil . 

10-0 

23 •2‘ 

36-3 

61 '7 


42*2 

80*2 

128*6 

Linseed oil 

11-4 

21 -1 

43-3 

66’1 


88*1 

78*5 

130*6 


On halving the acid values we obtain approximately the extent of 
hydrolysis expressed in percentages ; in the case of cocoa nut oil, how- 
ever, the figures should be multiplied by 0-4. 

The temperature at wliich hydrolysis took place is fixed approxi- 
mately by the pressure given, viz. about 170° C. at 7 atmospheres and 
200° C. at 16 atmospheres. 

The data contained in the following table show the influence of the 
higher pressure (and inferentially of the higher temperature) in the 
case of a laboratory experiment with olive oil. 


Acid Values after 6 hours’ Treatment with Steam 


Pressure, Atmospheres 

3 

6 

6 

7 

10 

13 

15 

Approx. Temperature," C. 

144 

15!) 

165 

170 

184 

195 

202 

Acid value .... 

6'4 

35-5 

41-7 

530 

02-3 

108-3 

159-5 


Experiment^ made with superheated steam at a pressure of about 
3 atmospheres, but at varying temperatures, are detailed in the following 
table : — 


^ Zeits.f. angew, Chem., 1901, 1270. 
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Acid Values after hour^s treatment at the following temperatures 


Kind of Oil. 

Ori-lnal 
Acid Value. 

170° C. 

1£0°C. 

190' C. 

200“ C. 

Cocoa nut oil . 

0 



0-2 

0-4 

Olive oil . 

0 

0-6 

1*0 

3 

8-9 

Sesani6 oil 

0 

0-6 

0-9 

2'5 

7-4 


It has also been pointed out that hydrolysis can be accelerated and 
the temperature reduced if the action of water be assisted by the 
presence of a catalytic agent. A suitable catalyst is hydrochloric acid, 
which obviously does not take part in the chemical change, but merely 
accelerates the hydrolysis primarily brought about by water. This is 
illustrated by a series of experiments made by LewJcowitschf and detailed 
in the following table : — 

Ihjdrolysis of Oils and Fats hy means (f Hydrochloric Acid, Sp. Gr. ITG 
{LewJcowitseh) 


100 gnus, of Oil or Fat boiled with 100 c.c. of Acid. 


Oil or Fat 

Original 

Acid Value. 

Acid Value 
aft'r 

24 Hours’ 
Boiling. 

Acid Value 
of 

completely 
Ilydrolysi’d 
Oil or i'at. 

Cotton seed . 

0-35 

143-9 

202 

Whale .... 

6-01 

157-3 

195 

Rape .... 

2-16 

131-7 

185 

Lard .... 

1-2.5 

140-3 

201 

Tallow .... 

11-15 

150-0 

200 

Cocoa nut 

18-75 

204-9 

260 

Castor .... 

1-22 

49-14 

190 


In these experiments a certain amount of hydrochloric acid had 
escaped as gas ; hence, in the experiments described in the following 
table, a fresh amount of acid was used after each sample had been 
taken from the bulk : — 

^ Journ. Site. Vhem. hid., 1903, 67. 
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The exceptional behaviour which castor oil exhibits can only be 
explained by the different constitution of its fatty acids, and the 
ready formation of polymerisation products (cp. Chap. I. p. 45, 
Chap. XV.). 

The following three tables describe a number of experiments which 
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were carried out with a view to accelerating still further, if possible, 
the hydrolysis brought about by the aid of hydrochloric acid.^ 

The numbers given in the tables show that hydrolysis becomes 
very much slower when about 75 per cent of the neutral fats has been 
hydrolysed. The fact that under the conditions of the experiments 
it was very difficult to keep up a thorough intermixture of fat and 
acidulated water, satisfactorily explains this slowing down of the 
reaction. It may be safely assumed that provided a thorough inter- 
mixture, as in an emulsion, could be brought about, hydrolysis would 
proceed much more rapidly (see below), for the catalytic action of 
hydrochloric acid is even exercised at the ordinary temperature, in 
course of time, as is proved by the following experiment carried out in 
my laboratory : ^ — 

100 grins, of cotton seed oil shaken through with 50 c.c. of hydro- 


chloric acid : 

Original acid value . . . . 0-36 

Acid value after 1 day . . . 1-22 

„ „ 7 days . . 3-Od 

„ „ 107 „ . . . 9510 

„ „ 213 „ . . . 130-20 


Much better results are obtained by employing as a catalyst con- 
centraLed sulphuric acid, which seems to act to some extent as an 
emulsifying agent in the technical process of hydrolysis by means of 
concentrated sulphuric acid (Vol. III. Chap. XV. “ Acid Saponification,” 
“ Sulphuric Acid Saponification ”). In the case of saturated glycerides 
the sulphuric acid acts solely as a catalyst. In the case of olein a 
similar action may be assumed to take place at first so that the action 
of sulphuric acid could consist, in the first instance, in the formation 
of sulpho-compounds of glycerides (p. 62), the composition of which 
has been investigated by Geilel.^ At higher temperatures, such as are 
employed in practice, the.se are decomposed rapidly to compounds 
forming a complete emulsion with water and fats, so that on agitating 
the emulsion with steam, complete hydi’olysis to glycei'ol and fatty 
acids is gradually brought about. As the ordinary oils and fats may 
be looked upon as consisting chiefly of mixed glycerides, the action of 
the acid consists both in behaving as a catalyst and as a chemical 
agent, producing in this latter case well-defined chemical compounds. 

The earliest experiments on the “ acid saponification ” process arc 
to be found in Diciionnaire de Maquer, t. hi. 370, and arc ascribed to 
Cornette, 1777. In 1790, Papillon recommended the use of a fat and 
sulphuric acid as a process employed in England commercially. There- 
fore Chevreul speaks of the sulphuric acid saponification as a well- 
known process. But there is no mention made yet of technical 
application. 

Experiments instituted in my laboratory,^ and detailed in the 
following table, illustrate the progress of hydrolysis : — 

^ Berthelot(C%wi. organ, ii. 82) states tliat olein alter treatment with aqueous hydro- 
chloric acid for 96 hours at 100'" C was hydrolysed to some extent, but not completely. 

® Unpublished results. 

Journ, f. prakl. Cfietii., 1888 (37), 68. Cp. Lewkowitsch, Journ. Sac. Chem. 
Ind., 1897, 892. 
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Tallow hydrolysed with 4 'per cent of concentrated Sulphuric Acid 
at 120° C. {Lewkowitsch) 

Product contained 
Fi'ee Fatty Acids, 

Per cent. 


Sample taken after 1 hour’s steaming . . 42-1 

,, „ 2 hours’ „ 65- 1 

„ 3 „ . . 79-3 

„ 4 83-7 

„ „ 5 „ „ . . 88-0 

„ 0 „ „ . . 01-7 

„ „ 7 „ 91-7 

.. 8 „ „ 92-3 

„ 9 93-0 


It should, however, be pointed out that the fatty acids thus obtained 
are not exclusively the hydrates of the acid radicles contained originally 
in the glycerides, as sulpho-fatty acids arc formed first, which, in the 
case of the unsaturated fatty acids, lead to the formation of hydroxylated 
fatty acids (cp. Chap. III., and Vol. III. Chap. XV. “ Conversion of 
Oleic Acid into Candle Material ”). 

In the following table I collate a number of experiments (unpub- 
lished) carried out by me with a view to ascertaining the amount of 
hydrolysis brought about by sulphuric acid of varying strength. It 
will be seen that there is a gradual decrease of hydrolysis with the 
decrease in the strength of the acid until, when using acid containing 
only 60 per cent of SO4H2, the hydrolysing action ceases altogether. 
With regard to the action of dilute sulphuric acid, it has been shown 
above (p. 63) that oils and fats, i.e. triglycerides, are practically not 
acted upon by diluted sulphuric acids. Inasmuch as the completion 
of the hydrolysis in the sulphuric acid saponification process is effected 
by steaming, e.g. in dilute solution, it would follow that the lower 
glycerides {i.e, mono- and di-glycerides) which (according to theory) 
are formed, would be more readily attacked by dilute acid. This 
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theoretical postulate is clearly brought out by the experiments of 
van EldiJc Thieme, detailed in the following table : — 


5 grs. of Tri-, Di-^ and Mono-laurin boiled 5 minutes with 
Sulphuric Acid of the Concentrations given below. 



100 e.c. eon- 

100 c.e. con- 

100 c.c. con- 

Acid Value.s. 

taining O -07 gr. 
HaSOa. 

toiiiing .1-88 gr. 
II2SO4. 

taining 10-83 gr. 
H0SO4. 

Trilaurin 

0-25 

0-24 

0-83 

Dilauriii 

0-82 

Ml) 

2-10 

Monolaurin . 

i 

15-21 

53-51 

104-61 


A similar but much more pronounced emulsifying action than is 
obtained with concentrated sulphuric acid is produced by means of 
the sulplio-arornatic compound introduced by Twifchell} By adding 
about 1 to 2-5 per cent of this reagent to oils and fats, and heating them 
for a certain length of time in a current of steam, they are almost 
completely hydrolysed, especially if a few per cent of free fatty acids 
be present, as these seem to be necessary to induce the reaction or at 
least influence favourably the starting of the hydrolysis. A series of 
experiments carried out in my laboratory gave the results set out in 
the following table ^ : — 

' English patent 4741, 181)8 ; United States j.atent 601,00:5 ; Uernian patent 114,491. 
Journ. Amrr. Chem. Soc., 1900, 22. Up. also Vol. III. Chap. XV., and “Turkey lied 
Oils,” Vol. III. Chap. XV. 

* Hitherto nnpuldished results. 


[Table 
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I have further instituted a series of experiments with “ sulpho- 
aromatic compounds ” prepared from naphthalene, anthracene, and 
phenanthrene respectively. From the numbers given in the following 
two tables it will be seen that the reagent prepared from naphthalene 
is much more effective than that obtained from anthracene or phen- 
anthrene, but in each case hydrolysis practically reaches 100 per cent 
after a given time. 

Hydrolysis of Cotton Seed Oil hy means of 1 per cent of Sulphostearo- 
aromatic Compounds (Lewkowitsch) 


(a) Neutral Oil 


Sulphostearo-aromatic 
Compound of 

Original 

Acid 

Value. 

flj hra. 

18 hra. 

194 hrs. 

26 hrs. 

824 hrs. 

89 hra. 

4.^4 hrs. 

Nai)hthaleno 

1-22 

146*7 

190*7 

201*4 

211*4 




Anthracene . 

1-22 

2*5 

21*8 

76*3 

170*7 

186*5 

190*7 


Phenanthrene 

1-22 

45*7 

125*7 

177*7 

183*6 

19-1*1 

201*2 



(b) Oil containing Free Fatty Acids 


Sulphostearo-aromatic 
Compound of 

Original 

Acid 

Value. 

64 hrs. 

18 hrs. 

194 hrs. 

26 hrs. 

324 hrs. 

89 hrs. 

454 hrs. 

Naphthalene 

8*3 

30*9 

194*1 

216*9 

216*7 




Anthracene . 

8*3 

15*01 

60*5 

11*2*4 

147*2 

148*2 

189*8 

262*8 

Phenanthrene 

8-3 

42*3 

159*9 

156*4 

181*6 

184-2 

204*2 

204*2 


The composition of the reagent is stated by Tmtchell ^ to be 
CgH4(S03H)Cij,H3502 in the case of benzene being used for its 
preparation, Cio^6{'^03H)Cj8H3502 in the case of naphthalene, and 
CgH3(0H)(S03H)Ci8H3502 in the case of phenol. 

The preparation of a “ Twitchell reagent ” from sulphonated higher 
alcohols, such as occur in (wool wax) wool grease, beeswax, and other 
waxes (cetyl alcohol) or from the waxes themselves, has been claimed 
in a Patent Application on the part of the Vereinigte Chemische 
Werke, but the application has been withdrawn. Later the Vereinigte 
Chemische Werke patented the preparation of a Twitchell reagent ^ 
from aromatic sulphonated fatty acids or oils and fats (such as castor 
oil), which had been previously subjected to a hydrogenating process 
(see Vol. III. “ Hydrogenised Fats ”) ; in other words, the “ Tmtchell 
reagent,” instead of being prepared from oleic acid, is obtained from a 
sulphonated, practically saturated hydroxylated fatty acid, 

^ Journ. Amer. Chem. Soc., 1900, 22. 

2 English patent 749, 1912; French patent 439,209; United States patent 
1,058,633 ; and German patent application of 2nd February 1912. 
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Petroff^ proposes a hydrolysing agent, prepared on the lines of the 
Tmtchell reagent, from petroleum hydrocarbons by treatment with 
concentrated sulphuric acid. 

It should be pointed out that the fatty acids obtained by this 
process have not undergone any change, and that they therefore 
represent the hydrates of the fatty acid radicles which are originally 
contained in the oils and fats employed. This should be emphasised, 
inasmuch as it shows that whereas in the course of hydrolysis by means 
of concentrated sulphuric acid secondary reactions occur, such secondary 
reactions do not take place in the Twitchell method of hydrolysis. 
Herein may be found proof for the view that no true sulphonated acids 
are formed. (For the technical application of this process see Vol. III. 
Chap. XV. “ Saponification by means of TwitcJielVs Reagent.”) 

It would thus appear that the action of the Twitchell reagent, 
which must naturally be looked upon as a chemically acting substance, 
is a purely catalytic one, and may be put in a line with the action of 
ferments ^ which accelerate hydrolysis without apparently undergoing 
any chemical change. Such phenomena as these seem to show the 
extremely important infiuence which complete emulsion with water 
has on the progress of hydrolysis (cp. Vol. III. Chap. XV. “ Candle 
Manufacture,” “ Soap Manufacture ”). With regard to the hydrolysing 
properties of phcnolsulphonic acid sec below, p. 100. 

On washing the Twitchell reagent with brine until no more acid 
passes into solution, a product is obtained which stiU possesses 
all the emulsifying powers of the “ Twitchell reagent,” but no longer 
effects hydrolysis. The hydrolysing action is restored on adding a 
small amount of a stronger acid. Grimlund ^ is of the opinion that the 
“ Twitchell reagent ” consists of two different substances : (1) a body 
of unknown composition soluble in brine ; (2) the hydrolysing con- 
stituent which consists of sulphuric acid and aromatic sulpho-acids. 

The foregoing observations confirm the necessity of working in 
an acid solution. 

It has been pointed out above (p. 42) that free fatty acids, pre- 
sumably due to slight hydrolysis of glycerides, occur in seeds. Pelouze ^ 
showed first in 1855 that oil seeds (linseed, poppy seed, cameline seed, 
rape seed, mustard seed, arachis kernels, sweet and bitter almonds) 
contain a substance which is capable of producing comparatively rapid 
hydrolysis of the oils contained in the seeds, and Muntz in 1871 demon- 
strated that the first phase of the utilisation of the fatty matter (in 
seeds) runs concurrently with hydrolysis of the oils and fats, and that 
the acidity is due to free fatty acids liberated from the neutral glycerides. 
These observations were confirmed in 1876 by Schiitzenherger . Maillot ^ 

^ French patent 437,336 ; English patent 27,244, 1912. 

^ Cp. Lewkowitsch, Jahrhmh der Cheinis, 1907, xvii. 407. 

^ E, Grimlund, Zeits. f. angeiv, Glieni., 1912, 1326 ; Bull. Soc. Chim. de iraiice, 
1909, Conf^ence XV. 

^ Vompt. rend.f 1865, 605 ; Ann. de Ohim. et de Phys.^ 1855 (45), 319. 

® Etude ampar^e du pignon et du riein de Vlnde^ Nancy, 1880. 



90 SAPONIFICATION OF FATS AND WAXES chap. 

in 1880 endeavoured to isolate from castor seed a soluble ferment which 
was expected to possess lipolytic properties. Experiments hy J. R. 
Green ^ and W. Sie-gmund ^ firmly established the fact that the seeds 
have lipolytic action. Comparatively little attention, however, was 
paid to this subject from a technical point of view until Connstein, 
Hoyer, and Wartenherg,^ by an extended series of experiments, showed 
that the ferment contained in castor seed is capable of accelerating 
considerably the liydrolysis of triglycerides, provided they be com- 
pletely emulsified with slightly acidulated water. From their observa- 
tions I collate the numbers contained in the following table : — 


Hydrolysis of Oils and Fats by means of Castor Seed Ferment 


Oil or Fat 

Grms. 

Castor Seed. 

Patty 

Acids 

formed. 

Per 

cent. 

After 
Hours : 

Tempera- 

ture. 

Acid. 

Origi- 

nal 

Ex- 

tractetl. 




Gnus. 

Gnus. 



‘C. 

Grms. "/loSO^IIj 

Tallotv . 


6-6 

6 


72 

19 

35 

4 »* n 

Rone fat 


6-5 

5 

... 

81 

19 

85 

4 M M 

Cotton seed oil 


6*5 

5 

... 

84 

19 

35 

4 „ M 

Palm oil 


6-5 

5 


87 

19 

35 

4 „ .. 

Raiie oil 


6‘5 

5 


84 

19 

35 

4 M „ 

Palm nut oil 


16-5 

5 


76-6 

20 

Ordinary 

8 M ,1 

Arachis oil . 


25 


i-3 

1006 

96 


5 *» *• 

Rape oil 


25 


1-3 

100 6 

96 


5 » > »» 

Poppy seed oil 


25 


1-3 

100 6 

96 


8 M M 

Linseed oil . 


50 


5 

1 83 

24 


10 „ .. 

Rlubber oil (I.) 


50 


r, 

j 76 

24 


10 „ 

„ (H.) 


50 


5 

1 84 

24 


10 „ „ 

Olive oil 


50 


FJ 

! 86 

24 


10 „ „ 

Sesam^ oil 


50 


5 

1 85 

24 


10 „ „ 

Almond oil . 


50 


r> 

90 

24 


10 „ 

Cacao butter . 


50 


5 

92 

24 


10 ,. 

Palm oiH 


75 


7-5 

77 

6 

n 

!-'> >. >1 

11 n 

Cotton seed oil 


75 


7-5 

96 

22 


lf> „ n 


75 


1 ‘5 

82 

44 

> i 

ir> „ 

>1 ») 


100 


5 

87 

44 

1 } 

10 „ M 

Triolein 


75 


7-5 

79 

24 

it 

15 


10 



50-6 

24 



Triaoetin 


10 


0'5 

0-4 

24 


2 .r’ ,, 

Tributyrin . 


10 


... 

9-5 

24 


••• 


The last two experiments would seem to show that whereas the 
glycerides of the higher fatty acids are comparatively easily hydrolysed, 

^ Proc. Roy. Soc., 1890, 370 ; cp. also Green ami Jackson, ibid., 1905, 69. Natyre, 
1909 (82), 100. In Green’s opinion, the view that enzymes initiate and maintain the 
process of germination appears to be erroneous. This does not, of course, affect the 
view of the present author that the enzymes act as catalysts, which only do their work if 
favourable con<litions present themselves. 

® Monatsh. f. Chein., 1890, 272. ^ Berichte, 1902, 3989. 

* The percentages of free fatty Jicids in the original palm oils were not stated. 

® These Tiumbers are undoubtedly too high, and must be due to experimental errors, 
as the castor seed ferment is also capable of inducing the reverse reaction, viz. formation 
of glycerides from fatty acid and glycerol, so that complete liydrolysis is theoretically 
impossible ; cp. A. E. Taylor, Journ. of Biolog. Chem., 1906, ii. 87. Moreover, Nicloux 
has shown that the products of the hydrolysis have an inhibiting effect. 
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glycerides of the lower fatty acids offer much greater resistance. Urbain, 
Saiigon, and Feige ^ have, however, demonstrated that free fatty acids 
somewhat inhibit the action of the ferment ; and that this inhibiting 
action increases, the lower the molecular weight of the free fatty acid. 
These observers conjecture that in the case of triacetin and tributyrin 
the free acetic and butyric acids stopped the progress of hydrolysis ; 
this was confirmed by Hoyer ; ^ on the other hand, A. E. Taylor ^ 
stated that triacetin is very readily hydrolysed in the presence of 
castor seed ferment. 

The extent of hydrolysis stands in a definite proportion to the 
quantity of ferment present ; this is shown by the following numbers, 
which I have arranged in tabular form : — 


Hydrolysis of Castor Oil by means of Castor Seed Ferinenf, showiny the 
Injluence of the Quantity of Seed 


Oil. 

(Jnii.s. 

ExtracteO 
Castor Seed. 

Fatty 

Acids 

formed. 

Per 

cent. 

After 
llour-s : 

Acid. 



Grma, 




Castor oil 

5 

0-5 

89 

24 

5 grins, of 2 per cent acetic acid 




92 

48 



10 

0*5 

81 

24 





80 

48 


n 

15 

0-5 

77 

24 

L5 




87 

48 


j. 

20 

0*5 

71 

24 

20 „ 




80 

48 


>1 »> 

25 

0’5 

60 

24 

25 




74 

48 



60 

0-6 

49 

24 

50 




49 

48 


> M 

10 

0’2 

65 

24 

10 




64 

48 

50 




70 

72 

10 




70 

90 

50 




78 

120 

50 ,, ,, 




79 

l.t.l 

10 




79 

168 

10 




79 

240 

10 


The quantity of water used for emulsifying the fat influences favour- 
ably the amount of hydrolysis up to a certain extent,'^ as will be 
gathered from the following table : — 


1 JiulL Chim., 1904 (31), 1194. 

“ Zeits. f. 'pkijs. Chem., 1907 (f)0), 414. 

* Journ. of Biolog. Cheoi.y 1900, ii. 89. 

* Cp. Fokin, Ohtm. Reirne, 1904, 119 ; 139 ; 169. 
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Hydrolysis of Castor Oil hy means of Castor Seed Ferment^ showing the 
Influence of the Quantity of Water 



Grms. 

Castor Sewi 
containing 
Oil. 

Free 

Acids 

forniod. 

Per 

cent. 

After 
Hours : 

Acid. 



Grms. 




Castor oil 

6*5 

5 

68 

3 

2 grms. of 2 per cent acetic acid 




74 

18 





74 

42 


ij It 

6-5 

6 

74 

3 

4 M 




80 

18 





84 

42 


>1 It 

! 6*5 

6 

75 

3 

6 



I 

84 

18 





86 

42 


If 

6*6 

5 

76 

3 

3 




87 

18 





85 

42 


II V 

6*5 

6 

76 

3 

10 




86 

18 





86 

42 



For tables summarising similar experiments made by Nicloux, and 
detailing tbe influence of temperature, of the products of reaction, of 
the quantity of ferment present, and for the applicability to the enzymic 
hydrolysis of the general (logarithmic) law, K = J log. as expressing 
correctly the velocity of the saponification, the reader must be referred 
to the original pamphlet.^ With regard to the choice of the acid, it 
may be stated that the weaker the acid the more pronounced is the 
progress of hydrolysis. For a number of experimental results obtained 
with acetic, sulphuric, oxalic, phosphoric, tartaric, hydrochloric, nitric, 
hydrofluoric, and citric acids, as also with neutral and acid salts of 
calcium and magnesium, on different oils and fats, Nicloux s pamphlet 
must be consulted. With regard to the “ activating ” influence of 
these salts, especially of manganese sulphate, cp. Vol. III. Chap. XV. 
The statement that carbonic acid in seeds favourably influences the 
hydrolysis of the contained oil is confii-med by experiments of Nidoux, 
Urbain, and Fokin, whilst Roger maintains that carbonic acid is in- 
capable of as.sisting hydrolysis. 

y. Tanaka ^ is of the opinion that the action of the dilute acid 
in the fermentative process of hydrolysis consists exclusively m con- 
verting an insoluble zymogen, present in the castor seed, into an 
active lipase, which is, like the zymogen itself, insoluble in water. 


1 Maurice Nicloux, ContrihUion ,l Vitnde de la Saponifimtion des Corps arm, 
Paris, 1900 ; cp. also A. W. Visscr, ZeMs. f. physik. Chemie, 1905 (62), 257. H. Mler, 
(Hoppe-Seyler’s Zeits. /. physiol. Ch^m., 1905 (45), 420 ^ Zeit. 

1905 (7) ; Zur Kmntniss dcr KaUtUisen) ; A. E. Taylor, Joum. 
ii. 87; H. E. Armstrong anil E. Ormerod, Proc. Roy. » o 

Sommerville, Biochein. Jmim., 1912 (6), 203 ; 0. Loew, Biochm. Zeits., 1911 (31). 159 ; 
L. Berczeller, Biochem. Zeits., 1911 (34), 170; Y. W. Jalander, ^lo fern. Zeits 1911 
(36), 435 ; K. F. Falk and T. M. Nelson, Journ. Amer. Chein. Soc., 1912 (34), 7o&, 8Z». 

2 Joum. of the College, of Engin., Tokyo, 1910 (v.), 25. 
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On washing thoroughly the lipase, prepared by means of acid from 
castor seed, with water, so as to remove every trace of acid, the lipase 
still exhibits strong hydrolysing powers, without requii ing the addition 
of any acid. Active lipase, therefore, is most effective in neutral 
solution, and is inhibited in its action by the presence of free acid, 
especially of free mineral acid. In an alkaline medium, Hpase is in- 
active, and is less resistant to alkalis than the zymogen from which it 
originates. 

Later experiments ^ showed that an optimum quantity of acid 
liberates the enzyme present as zymogen, and does not render the 
lipolytic medium acid. Tanaka prepares, therefore, an active “ lipase 
powder ” by triturating 100 grms. of extracted or expressed castor 
seed with 600-700 c.c. of 1/10 normal acetic acid or about 500 c.c. of 
1/10 normal sulphuric acid at 30° to 35° C. for 30 minutes. The 
milky liquid is then filtered and the residue thoroughly washed with 
water and dried at a temperature not exceeding 40° C. The “ lipase 
powder ” thus obtained as an odourless, tasteless, white powder, is free 
from soluble matter. This preparation rapidly hydrolyses fats in tlie 
presence of water alone. Tanaka states that the “ lipase powder ” 
can be kept for a long time without materially losing its activity. He 
confirms the observations of previous observers (see above) as to the 
stimulating or, as the case may be, retarding influence of salts. Whilst 
confirming the stimulating effect of the manganese salt, he shows that it 
accelerates the hydrolysis in the first phase only. Glyceiin acts as 
an inhibitor. The retarding influence of oxidised fatty acids is most 
pronounced in the case of polymerised and drying oils. Tanaka adds 
to the list of substances having a stimulating effect : leucine, aspara- 
gine, and similar decomposition products of proteins. 

The technical application of hydrolysis with the aid of the castor 
seed ferment, and the attempts made hitherto to isolate the latter, 
will be described in Vol. III. Chap. XV. under “ Preparation of Soap 
Stock Fatty Acids by the Ferment Process.” 

Ferments contained in other seeds do not as a rule exhibit the power 
of hydrolysing glycerides in the same pronounced manner. The seeds 
of Hevea brasiliensis (see Vol. II. Chap. XIV. “ Para Rubber Tree Seed 
Oil”) contain a powerfully acting enzyme. Fokin ^ studied the 
lipolytic action of a large number (60) of seeds. The ferment contained 
in Chelidonium 7mjus appears to approach, as regards lipolytic activity, 
that of castor seed, whilst all others showed much weaker effects. 
Fokin’s opinion® that all plants which contain lipolytic ferments are 
poisonous, cannot be admitted as being correct. It is much more 
reasonable to assume ^ that in ail seeds in which fat is stored a ferment 
is contained which hydrolyses the fatty reserve material at the time 
it is required for the germinating embryo. 

For the action of other lipolytic ferments, such as those contained 

^ Journ. of the Collie of Kiujin,, Tokyo, 1912 (v.), No. 4, pp. 125-152. 

Chem. Revue, 1904, 48, 69, 91 ; cp. also Schimanski, Chem. Zeit., 1911, 1376. 

* Chem. Rev., 1906, 130. 

^ Cp. Lewkowitsch, Jahrbuch der Chemie, 1906, xvi. 307 ; Dunlap and Seymour, 
Joum. Amer. Chem. Soc., 1906, 936. 
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in Abrus precatorius {Braun and Behrevidt in fungi {Zellner ^), in 
kola nut {Mastbaum^), in the seeds of Croton Tiglium (Scurti and 
Parrozzani ^), of Aesculus hippooastanuni {Siegmund of sweet almonds 
{M. Tonegutti ®), the original papers given in the footnotes must be 
consulted. 

The enzymes contained in animal organisms {Claude Bernard) 
appear to act much more slowly than those occurring in the seeds 
of plants. Thus the lipase contained in the liver, whilst it hydrolyses 
ethylbutyrate somewhat readily,^ hardly attacks oils and fats ; this 
has also been confirmed in the author’s experiments.® 

• Steapsin, the ferment contained in the pancreas,® is, however, a 
comparatively powerful fat-hydrolysing ferment, as is proved by 
experiments made by the author in collaboration with Macleod}^ The 
following table recapitulates soine of the results which the author 
obtained with two steapsin preparations “ 1 ” and “ 2 ” furnished by 
Macleod : — 

' BericMe, 1903, 1900. 

“ Monatsh./. Ohem., 1906 (27), 295. 

^ Ohem. Revue, 1907, 5. 

* Ch4‘m. ZeiL,m7,22d. 

” Monatsh. f, Chein., 1910 (31), 657. 

'* iStaz. Rpar. Agr. Ital., loio, 723. 

’ Kastle iuul Loevciihart, Journ. Anier. Chvm. Hoc., 1900 (24), 49. 

Lewkowitsch, Jtnirn. Sue. Vhem. I ml,, 1903, 78. As to an explanation of the 
inactivity of the liver lipa.se cp. K. Maf'iiu.s {Zvits. f. pliys. (Jhem., 1904 (42), 149); 
cp. also H. E. Annstronj', Proe. lioi/. iSoc., 1905, 606; Itoclen.stein, Chem. Zeit., 1906, 

557. 

^ With regard to pancreatic lijxtM cp. 0. Rosenheim and J. A. 8haw-Mackenzie, 
Journ. Physiol,, 1910 (xl.); cp. also P. Saxl, Biochem. Zeits., 1908 (12), 343; C. A. 
Pekelharing, Zeits. f. physiol, Cheni., 1912 (81), 355. II. Daviilsohn, Biovhent. Ztschr., 
1912 (45), 284, Is of the opinion that pancreas lipase diller.s in its action from a li[)afie 
occurring in the stomach. Cj). Idem, find., 1913 (49), 249. 

Proc. Roy. Boc., 1903 (72), 31. Cp. also Eewhowiisch, Report on F. Intcrnat. 
Congress, Berlin, vol. ii. p. 544 ; Fokin, Chem. Rtv., 1901, 244 ; Warburg, Chevi. 
Gentralb., 1906 (ii.), 1784 ; E. Baur, Zeits. f. an.gev\ Chevi., 1909, 97 ; E. F. Terroine, 
Biochem. Zeits., 1910 (23), 404 ; E. Fernandez, Chem. Zeit,, 1910, 331 ; M. E. rennington 
and J, S. Hepburn, Journ. Am. Chem. Hoc., 1912 (34), 2io. 


[Table 
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Kanitz^ states that by extracting with glycerol the pancreas of 
neat and pigs, preparations were obtained which hydrolysed olive oil 
within six hours to an extent of about 30 per cent. 

The hydrolysis of the mixed triglyceride lecithin by means of 
steapsin has been mentioned above (p. 38).^ 

The difficulty and costliness of preparing animal 'ferments as com- 
pared with the facility with which any desired quantity of vegetable 
lipolytic ferments can be obtained, places the technical application of 
animal lipolytic agents outside commercial considerations. 

It has been incidentally shown in the previous pages that hydrolysis 
does not readily reach completion, as the chemical reaction involved 
in hydrolysis is a reversible one ; the products of hydrolysis thus have 
a tendency to recombine, and hence to reproduce again glycerides. 
By means of water, or concentrated sulphuric acid, or the Twitchell 
reagent, complete hydrolysis can be effected ; in the case of water, 
by increasing the temperature and the time ; in the case of the last 
two reagents, by increasing the quantity of the accelerator, as also 
the length of time dining which the masses are allowed to react. With 
enzymes the progress of hydrolysis is also influenced by the mass of 
ferment present, but only to a certain extent, and, for practical reasons, 
it is obviously impossible to increase the proportion of ferment beyond 
a certain amount. Hence the reverse reaction can take place more 
readily. Whilst Croft Hill ^ is of opinion that all enzymatic processes 
are reversible, the author was unable to find any such action in the case 
of hydrolysis by means of steapsin. The small number of experiments 
made in this direction do not, however, permit general conclusions to be 
drawn ; for Pottevin’s ^ synthesis of mono-olein and tri-olein, as also 
Taylor s confirmation of the synthesis of triolein (whilst negative’ 
results were obtained in the case of palmitin and stearin), must be 
interpreted as proving that synthesis of glycerides, i.e. the reverse 
reaction, does take place even in vitro. Recently the evidence that the 
enzymatic hydrolysis is a reversible process has been confirmed by 
several experimenters.^ Thus Welter^ has shown that the synthesis 
of glycerides can be effected by means of the castor oil ferment at the 
ordinary temperature in vitro, and reach as high a percentage as 35, if 
the mixture of fatty acids, glycerin and ferment, is kept free from water 
as far as possible. Further, A. Ilamsik has shown that pancreas lipase 

^ Hoppe-Seyler’s Zeits.f. physiul. Chan., 1906 (46), 482 ; cp. also A. Vxonnm, Zeits. 
f. die ge^amte Bioch^ni., 1905, 51. 

^ Cp. also Schuniotf-Siiiianowski and N. Zeit. f. pthysiol. Chein,, 1906 (49), 60. 

® Jouni. Ghent. Sue., 1894, 634. 

^ Cp. Annul. deVinst. Pasteur, 1906, 901. 

° For further references to the literature of fermentative synthesis (mostly of a 
strictly physiological character) cp. A. E. Taylor, Joum. of Jiiolog. Ghent., 1906, ii, 89, 
p. 687. 

® Zeits. f. angew. Ghent., 1910 (24), 385 ; cp. also W. Dietz, Zeits, physiol. Ghent., 
1907 (62), 279 ; F. L. Dunlap and L. 0. Gilbert, Journ. Anier. Ghem. Soc., 1911 (33), 
17871 H. Iwanow, Berichle d. deutsch. hotan. ges., 1911 (29), 695. 

Hoppe-Seyler’s Zeits. f. physiol, Ghent., 1911 (71), 238 ; cp, also M, Krausz, 
Beitrdge zur fermentativen Fettspaltung, Pecs, 1910. 
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is capable of effecting the synthesis of palmitin and stearin from glycerol 
and palmitic and stearic acids respectively. Moreover, there can be 
no doubt that in the animal organism there occurs a rhythmic play of 
enzymatic hydrolyses and syntheses of fats, according to the local 
requirements of the organs, for on no other assumption ^ is it possible 
to explain satisfactorily the influence of food on the composition of 
the milk fat of mammals (cp. Vol. II. Chap. XIV. “ Animal Fats”). 
The synthesis of glycerides by means of TwitchelVs reagent has been 
shown above (p. 7) to be feasible on a practical scale. 

Thus the analogy pointed out above as existing between the catalytic 
action of the Twitchell reagent and that of the castor seed ferment may 
be expanded into the statement, that they are both able to effect, under 
suitable conditions, synthesis as well as hydrolysis, much in the same 
manner as platinum black ^ is capable of acting as an accelerator both 
in hydrolysing and synthesising glycerides. 

Another class of accelerating agents which are employed on a very 
large scale arc basic materials, such as zino oxide, magnesium oxide, 
calcium oxide, and especially the caustic alkalis. 

If the view that the bases act as accelerating agents, in other words 
as catalysts, be correct, it should not be imperative that the bases 
be present in at least molecular proportion to the fatty acids that will 
result on complete hydrolysis. The greater the amount of the bases 
present, the more rapidly should the resolution of the glycerides into 
their components take place, and the greater .should be the amount 
of salts of the fatty acids formed. But a deficiency of the bases necessary 
to neutrali.^e all the fatty acids obtainable by complete hydrolysis 
should not preclude the completion of hydrolysis. 

' Since the velocity of saponification stands in direct ratio to the 
quantity of the bases, then, in the presence of an excess of bases, it 
should be possible to lower the temperature and shorten the time 
required for effecting practically complete hydrolysis. These views 
are confirmed by the practice of the technical process of saponifying 
(hydrolysing) by means of lime. The quantity of lime required to 
neutralise the fatty acids produced on completely hydrolysing a 
glyceride can be calculated from the following summarising equation : — • 

OR OH 

(4) 2 C 3 H 6 OR l-3Ca(OH)2=2G3HBOH + 3Ca(OR)2. 

OR Oil 

The amount of caustic lime — CaO — required for a triglyceride 
having the mean molecular weight 860, is 9*7 per cent, but even pro- 
longed boiling with steam in an open vessel with that proportion of lime 
will not lead to complete saponification. Unless the proportion of 
caustic lime be raised to 12-14 per cent, the hydrolysis of the glyceride 

^ This view does not, of course, postulate that there should he present in the tissues 
an amount of lipase proportional to the amount of fat deposited in the tissues (cp. 
H. C. Bradley, Journ. Biot. Chevi., 1913 (13), 407). 

C. H. Neilson, Amcr. Jovrn. of Phys., 1904 (10), 191. G. Brcdig., CeiUralh. f, 
Bakter., Parasit. u. Infect., 1907 (xix.), 485. 
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cannot be brought to an end in an open vessel, i.e. at a temperature 
of from 100° to 105° C. (cp. Vol. Ill, Chap. XV.). If, however, the 
temperatuie be raised (as is done on a large scale by treating fats with 
milk of lime in an autoclave under pressure ; see Vol. III. Chap. XV.), 
the proportion of caustic lime can be reduced gradually, until, at a 
pressure of 12 atmo.spheres (corresponding to a temperature of 190° C.), 
even 1 per cent of lime suffices for practically complete hydrolysis. 
Although the glyceride is completely hydrolysed, only so much of the 
fatty acid is neutralised by lime, i.e. converted into lime soap, as is 
chemically equivalent to the quantity of lime employed. 

The same considerations mutandis — hold good if zinc 
oxide, magnesium oxide, or caustic alkalis are used as accelerators. 
In the last case, hydrolysis proceeds much more rapidly, inasmuch 
as ill contradistinction to hydrolysis accelerated by lime, a water- 
soluble soap is formed, which helps to emulsify the fats. Tliere can 
be no doubt that under pressure complete hydrolysis would be brought 
about by an amount of caustic alkali insufficient to neutralise all the 
fatty acids formed. On a large scale, for obvious reasons, such a 
process is not employed. The compounds resulting from the combina- 
tion of fatty acids and caustic alkalis being useful commercial products — 
soaps— the aim of the manufacturer is to conduct operations in such a 
manner that these products are obtained concurrently with the hydro- 
lysis of the fats. Hence, on a commercial scale oils and fats are boiled 
in open vessels with a solution of caustic alkali, containing not only 
sufficient alkali to neutralise all the fatty acids obtainable on hydro- 
lysing the glycerides, but also an excess whereby also the time recpiircd 
for the completion of the reaction is shortened. Indeed, this excess 
of alkali is necessary in order to complete the reaction and to do so in 
the shortest possible time. ’ 

In accordance with the law of mass action, the velocity of the 
reaction will be great at the beginning and will gradually slow down 
until an equilibrium is established between the tendency of alkali to 
neutralise the acids, on the one hand, and the opposite tendency of 
water to dissociate the soap formed, on the other. Hence, under the 
given conditions of temperature and pressure, an ecpiilibrium will be 
established very rapidly, beyond which no further progress of the 
reaction in either direction will occur. 

This is clearly brought out by the following experiments carried 
out in my laboratory by Clafham and by de Greiff : ^ — 

(1) 2000 grins, of tallow were “ boiled ” by means of open steam, as 
in the method employed on a large scale, with 282 grms. of pure caustic 
soda — the theoretical quantity required to neutralise the fatty acids 
obtainable. The boiling was continued beyond the time required 
on a manufacturing scale. The pasty soap gave on examination the 
following result : — 

i Cj), thinl fcilitioii of this work, Vol. I. p. 53, and Lewkowitsdi, “Modern Views on 
the Constitution of Soap,” Jnnrn. tS<>c. <Jhem. Iiul.^ 1907, 590. 



II 


HYDROLYSIS BY MEANS OF BASES 


99 


Per cent. 


Total fatty matter ..... 33-00 

Total alkali ...... 3-708 

Fatty acids as soap . . , .31-01 

’Combined alkali as soap .... 3-496 

Unsaponified fat . . . . . 2 0 

Free alkali ...... 0-212 


Tills experiment shows that only 94 per cent of tlic tallow was saponified. 
On adding an excess of alkali, the equilibrium between the reacting 
masses is clianged in the direction of a greater amount of soap being 
formed, so that by employing a suitable excess — as is done on a large 
scale — complete hydrolysis of the fat, followed immediately by complete 
neutralisation of the fatty acids, is obtained. 

(2) 3000 grms. of safflower oil (of the saponification value 192-37) 
were boiled in a similar fashion with a solution containing 412-2 grms. 
of sodium hydroxide. After the whole amount of caustic soda had 
been added, a sample of the mass taken out of the soap-kettle showed 
the following composition : — Fatty matter, 29-23 per cent (consisting 
of fatty acids, 25*18 per cent ; unsaponified oil, 4-05 per cent) ; total 
alkali, 3-09 per cent (consisting of combined alkali, 2-8G per cent ; free 
alkali, 0-23 per cent) ; or, calculated to 100 parts : Fat saponified, 
86-14 per cent ; fat unsaponified, 13-86 per cent ; alkali combined, 
92-56 per cent ; alkali free, 7-14 per cent. 

The remainder of the fatty mass was boiled for a somewhat longer 
period, and the curd thrown up by salt. The curd contained : Fatty 
matter, 60-10 per cent (consisting of combined fatty acids, 54-92 per 
cent; unsaponified fat, 5-18 per cent); total alkali, 6-59 per cent 
(consisting of combined alkali, 6-26 per cent ; free alkali, 0-33 per 
cent) ; or, calculated to 100 parts: Fat saponified, 91-36 per cent; 
fat unsaponified, 8-64 per cent ; alkali combined, 95 per cent ; alkali 
free, 5 per cent. 

From the foregoing it will be evident that for analytical purposes 
the most rapid method for hydrolysing fats consists in using caustic 
alkalis. Since, however, even the employment of an excess of alkali 
in aqueous solution entails a very lengthy operation, which is not 
always carried out successfully by an analytical chemist without some 
practical experience in soa})-making, it is necessary to accelerate 
hydrolysis still fui-ther in the laboratory. This is done by employing 
caustic alkalis in strong ethylalcoholic (or amylalcoholic) solution. 

The action of caustic soda in alcoholic solution need not be con- 
sidered as differing, theoretically, from hydrolysis in aqueous solution, 
if we look upon alcohol as water in which one hydrogen atom is replaced 
by the group CgHg (or CgH^j).^ Ignoring for a moment the alkali, the 
hydrolysis would proceed according to the following equation — 

OR OH 

(5) CjHeOR-H 3H . OCaHj^CaH^OH+SR . OCaH^. 

OR OH 


Cp. Science^ Deccinboi- 9, 1901, Now York (Lcwkowitsch) ; cp. also above, p. 71. 
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which should again be looked 
equations : — 


upon as summarising the following three 
OH 


{6a) CaH^OR f HO .C^Hj-CaHfiOR+R . OC^Hg, 
OR OR 


OH OH 

(56) C3H50RfIi0.C2H6-C3H60H+R.0C..U„ 
OR OR 


OH OH 

(5c) CaHsOH+HO.CaHs-CgllsOH+R.OCyis. 
OR OH 


The resulting products would be glycerol and ethylic esters of the 
fatty acids. Although the feasibility of these reactions had not been 
tested experimentally, the author ^ had expressed the opinion that with 
anhydrous materials and under high pressure,^ especially if assisted by 
a suitable catalyst,^ the reaction would very likely proceed a long way 
in the direction indicated by the equation (5). 

This prediction has been realised in the method of Haller,'^ who 
employs as a catalyst hydrochloric acid (cp. p. 79). Haller warms 
one part of oil or fat with two parts of alcohol (methyl {ilcohol,"^ ethyl 
alcohol,''^ or propyl alcohol) containing 1 to 2 per cent of hydrochloric 
acid,^ until a homogeneous mixture is obtained. The chemical change 
is expressed by equation (5). According to the alcohol employed, 
methyl-, ethyl-, or propyl-esters of the acid radicle originally contained 
in the glycerides are formed. The glycerol obtained simultaneously 
can be removed by washing the product of the reaction with water. 
The application of this method of hydrolysis, which has been termed 
by Haller “ alcoholysis ” (and in especial, according to the alcohol 
employed, methanolysis,” “ ethanolysis,” “ propanolysis ”), to the 
examination of oils and fats will be considered in Chapter XII. 

A catalyst, which behaves in a manner similar to that of hydro- 
chloric acid, is, according to Haller, phenols ulphonic acid. The 
similarity of the latter to the Twilchell reagent renders it very likely 
that the Twitchell reagent also would act as a catalyst in alcoholic 
solution. 

In the absence of water the chemical change cannot proceed beyond 
the formation of ethyl esters. Hut if the alcohol contain water, the 
ethyl esters in their turn are hydrolysed by the water to some extent. 
Complete hydrolysis, as indicated by the following equation — 

( 6 ) 3 C 2 H 5 . OR { 311 . OH = 3R . OH H SCgHj . OH, 


^ Jouni. *Sf>c. Hhcm. Ind,, 1903, 695. 

This iilea has heea patented by Dreyniann : EiigUsli })atent 10,466, 1904, German 
patent 164,154. 

Cp. bewkowitsch, “ Proldems in the Fat Industry,” Soc. Ohevi. Ind,, 1903, 

69.5. 

■* Compt. rend., 1906 (143), 657 ; cp. also French patent 361,562. 

** {Similar experiments have been carried out before Haller by Rochlcder, Liflitjn 
Annul., 1816 (49), 260 ; Borthelot, Ann. de Ohiin. et de Phijs., 1854 (41), 3rd serie, 311 ; 
and Chim. onjan. vol. ii. 81. 

“ With a view to avoiding pos.sibility of oxidation Rollett adds tin. 

7 Lecithin and other lipoids are also readily hydrolysed by the same method. Cp. 
E. Fourneau an<l M. Piettre, Bull. Stjc. Chim., 1912 (iv.), 805. 
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cannot result, since an equilibrium between ester, water, and free 
fatty acids would soon be established. (It may be pointed out that 
in “alcoholysis” the change is not a complete one.) The reaction 
thus arrested will, however, proceed if alkali be present to neutralise 
the free acid formed. Since in laboratory operations caustic alkali 
is added to the alcohol in a quantity greater than that which is cliemi- 
cally equivalent to the fatty acids, the fatty acids formed (according 
to equation (6)) will be immediately neutralised, as is shown by the 
following equation 

( 7 ) 3R . OH + 3Na . OH- 3Na . OR+ 3 H . OH. 

Hence the chemical change represented by equation (G) will become 
complete. By adding the three equations (5), (6), and (7) — 

OR OH 

(5 ) O3H5O R + 3H . OC2H5 - Call^OH + 3RO . C^H^, 

OR OH 

(6) 3R . 004115+ 311 . OH 3R . OH+ 3H . OCoHs, 

(7) 3R.OH i 3Na.OH-3Na.OR+3H.OH, 

we obtain as the final result - 

OR OH 

C3H5OR 1 3NaOH- OaHgOH-l 3NaO H, 

OR OH 

which is identical with the above given equation (3). 

The correctness of the views 1 have given here is confirmed by a 
number of observations. Thus Duffy has shown that tristearin, on 
being boiled with a solution of sodium in absolute alcohol, is partly 
converted into ethyl stearate. Bonis also demonstrated that ethyl 
stearate is formed on heating tristearin, dissolved in ether, with small 
quantities of alcoholic potash, and he further showed that the total 
amount of glycerol was split ofi, the chemical change taking place in 
the course of one or two minutes. J. Bell found that on boiling butter 
fat with half the quantity of alcoholic potash required for complete 
saponification, a light oil is obtained, which solidifies at 13“ C. This 
oil, judged by him to be a diglyccride of the composition C^H^fOII) 
( 0 CiqII 3 j 0 )( 0 Ci 8 H 330 ), was actually a mixture of ethyl esters of fatty 
acids. Similarly Allen ^ ascertained that on heating acetin with one- 
fiftieth part of the alcoholic potash required for complete saponification, 
39 per cent of the theoretically possible quantity of ethyl acetate had 
been formed, whilst three-fiftieth parts of potash converted 85 per cent 
into acetic ester. If a larger proportion of alkali was employed, the 
yield of acetic ester decreased ; thus with sufficient caustic soda to 
saponify 39-8 per cent of tlie acetin used, the amount converted into 
acetic ester was 524 per cent. The formation of ethylic esters on 
saponifying mutton tallow with sodium alcoholate was demonstrated 
by Kossel and Kruger Henriques ® confirmed the foregoing experi- 
ments by again proving that if an insufficient amount of alkali be used, 

^ Ohem. 'News, 1891, 64 ; 179, “ Zeits. f. phys. Chew,, 1891 (15), 321. 

® Jo7(rn. Soc. Chem. hid., 1898, 673, 863 ; Zeits. f. anyew. Chem., 1898, 697. 
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the phemical change taking place consists in the complete splitting off 
of glycerol with formation of ethylic esters (or methylic, or amylic 
esters, according as methyl-alcohol or amyl-alcoliol was substituted for 
ethyl alcohol). Thus he showed that in the case of linseed, rape, 
almond, olive, and castor oils, the complete conversion of the glycerides 
into ethylic esters took place when only 33-3 or 25 or 15 per cent of the 
theoretical amounts of alkali was employed ; in the case of castor oil, 
even 10 per cent was found to be sufficient. The “ alcoholysis ” as 
effected by Haller's method must be considered the hnal proof supple- 
menting in a welcome manner the isolated observations enumerated 
above.^ 

The foregoing views rest on the fundamental principle that water 
(or in modern parlance the OH ion) is the true hydrolysing agent, 
and that in the absence of water the reaction cannot proceed to the 
formation of glycerol. Since for the hydrolysis of 1 grm. of fat no more 
than 0-06 grm. of water is required, the fact that it is difficult to keep 
out traces of water from alcohol (especially whilst it is being boiled 
with the fat under examination) satisfactorily disposes of a numl)er of 
experiments purporting to show that saponification will take place in 
the absence of water. Such experiments were first carried out with 
sodium alcoholate (sodium ethoxide, CgHgONa) by Bouis ^ and by 
Duffy. Later on Kossel and Ohermuller ^ suggested the same method 
as the quickest and surest means of saponifying fats completely in the 
laboratory ; and Kossel and Km/jer ^ stated that in a number of experi- 
ments with sodium ethoxide, saponification was com])lete if the 
theoretical quantity of sodium was employed. Since the reaction 
must take place according to the following equation — 

OR 

(8) C3H6OR-h3C2H6ONa-C3H6(0Nti)»H liRUC^Hs, 

OR 

it is difficult to see how glycerol can be formed in the absence of water. 
Ohermuller^ later on, removed the difficulty by the statement that in 
the foregoing experiments the last traces of water had not been excluded 
rigorously, so that the sodium glyccroxide obtained according to the 
above equation was readily decomposed by water, with the formation 
of glycerol and sodium hydrate. The sodium hydrate thus set free 
could then react with the more readily saponifiable ethylic esters, and 
their saponification was rapidly completed on l)oiling. He further 
showed that if carefully dried alcohol was used for saponification, and 
access of moisture from the atmosphere was prevented by means of 
calcium chloride, about 30 per cent of fat remained unsaponified. 
Considering the extreme difficulty of excluding the last traces of moisture 
(calcium chloride is incapable of effecting this completely !), the con- 
ditions under which even these experiments were carried out do not 

^ The observation of Hanu.s [Zeits. f. Unters. d. Nahrg.H- n. Uenussin., 1908, xv. 681) 
that arachis oil and mace butter give no homogeneous solution with alcoholic potash, 
requires coniirmation, 

Ompt. rend., 1867 (45), 36. » Zeits. f. physiol.Chcm. , 1891 (16), 321-330. 

^ Ibid., 1891 (15), 322. 



II 


HYDEOLYSIS BY MEANS OF BASES 


103 


preclude the assumption that traces of moisture had effected the 
saponification of two-thirds of the fat. 

The complete saponification of fats by means of sodium ethoxidc, 
resulting in the production of glycerol and sodium salts of fat ty acids, 
must therefore bo symbolised by the following three equat ions : — 

O.R O.Na 

(9) CgHgO.R -I 3C2H60.Na--CW:).Na h3RO.aif., 

O.R O.Na 

O.Na ■ OH 

(10) C3H5O.Naf3H.OlI --C3H5OH f 3Na.OH, 

O.Na OH 

( 1 1 ) 3R . OC2 H5 f 3Na . OH - 3H . OCJIs + 3Na . 0 B . 

These three equations represent three consecutive chemical changes, 
each of which in its turn must be considered as a summary of throe 
reactions, such as are represented by equations (la), (16), and (Ic), 
and equations (5a), (56), and (5c). 

Although for many purposes, especially for the subsequent estima- 
tion of glycerol, it would be more convenient in the laboiatory to use 
for saponification such bases as will form insoluble salts with the 
fatty acids (for instance, lead oxide, ^ lime, and baryta), they must be 
rejected, as saponification by means of these bases is not complete. 
Thcrefoi-c in ail analytical operations caustic alkalis must be employed 
if reliable results are to be obtained. 

Caustic potash is preferable to caustic soda, since jiotash soaps 
are more readily soluble than soda soaps ; the more intimate contact 
of the reacting masses thus helps to bring the saponification more 
rapidly to an end. Although the theoretical amount required for 
1 grm. of fat is from 0-19 to 0-26 grm. of caustic potash, a considerable 
excess is necessary to ensure complete saponification in a short time. 

The following are convenient proportions for saponifying oils and 
fats in the laboratory : — To 10 parts of oil or fat, weighed off in a flask, 
are added 30 to 40 parts of alcohol ^ by volume, and 4 to 6 parts of 

’ Pi'ocpsse.s of sapouitication liy means of lead oxide are claimed iu English patents 
1033, 1887 ; 18,163, 1895 ; cj). also Sehrauth, A J^'i/ensiedcr /eit., 1908, 442. 

^ If the cost of spirits of wine preelnde its use, recourse may be had to methylateil 
spirit. This alcohol may be )nirilied for analytical purpose-^ by the following method, 
proposed by Waller {Joui'ti. Amcr, (Jhem. Sue., 1889, 124 ; An<di/st, 1890, 50): — The 
alcohol is shaken with powdered imbussinm permanganate until it assnmes a distinct 
colouration. It is then allowed to stand for some, hours until the permanganate has 
been decomposed and hydrated inangane.se peroxide Inis settled. A pinch of calcium 
carbonate is theu added, and the alcoiiol distilled from a tiask, provided with an etlicient 
fractionating column. The di.stillate is tested frequently until 10 c.c., when boiled with 
1 c.c. of a strong (syrupy) solution of caustic imtash, give no yellnw colouration on 
standing for twenty or thirty minutes. Wliat distils .after that is jireserved for use ; care, 
however, must be taken not to distil to dryue.ss. The alcohol thus prepared is com- 
pletely neutral, and is espci;ially suitable for the preparation of ah^obolio potasli 
solution ; even on staniling for a long time alcoholic potash made from such alcoiiol does 
not become dark coloured. 

Another method recommended by J. Carter Bell {Journ. Soc. Chem. I ad., 1893, 23C) 
is m follows : 500 c.c. of methylated alcohol, of about 85 or 90 per cent, are placed 
in a flask of about 1000 c.c. capacity, with 25 grins, of stick potash. When the latter 
has dissolved, 250 grms. of melted lard (or of some other saponifiable fat) are added. 
Tlie flask i.s then connected with an inverted condenser and lieated on the water-bath, so 
as to saponify the fat. Theu the condenser is reversed, and about 450 c.c. of alcohol 
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solid caustic potash previously dissolved in 20 parts* of water. The 
flask is then connected with an inverted condenser, and the contents 
are kept gently boiling for half an hour or an liour. Tliesc proportions 
may be varied within very wide limits. Thus Yssel de Schepper and 
Geitel recommend 20 grins, of fat, 40 c.c. of caustic potash of specific 
gravity T4, and 40 c.c. of alcohol, whilst Dalican pro])Oscs to poui‘, 
witli constant shaking, a mixture of 40 c.c. of caustic soda, specific 
gravity T33, and 33 c.c. of 95 per cent alcohol (cp. also Chap. VI. 
“ Saponification Value ”) into 50 grnis. of fat previously heated to 
100° C. 

As commercial alcohol is seldom free from traces of acid, it should 
be tested for acidity, and if necessary, be neutralised with dec i normal 
caustic alkali, using phenolphthalein as an indicator ; or the alcohol 
may be distilled over lime or baryta immediately before use. For 
the purposes of analysis, rectified spirits of wine will, as a I’ule, be 
sufficiently pure. It should be examined by boiling a few c.c. with 
several drops of concentrated caustic potash ; pure alcohol will not 
become brown ; a slight yellow colour may, however, be allowed to 
pass. The appearance of a brown colour would point to the ])rcsonce 
of aldehyde or acetone. 

In order to accelerate the process of saponification, Ysscl de Schepper 
and Geitel ^ add some ether, with a view to ensuring a readier contact 
of the particles of fat and alkali. This proposal has been repeated by 


are distilleil otf. According to Carter Bell, the alcohol thus olitained will not tiini 
brown on the addition of pota.sh after several days, and when the solution is kept in a 
strong light only a slight yellow colour may develop. 

The property of .soap, to retain the impuritie.s of methylated spirit, is well known 
to inauufacturer.H of transparent .soap who dissolve stock .soops in boiling methylatisd 
sjjirit. The commercial methylated .spirit when Jirst u.sed for this j)rocess yields 
a distillate which has a much less unplejusant smell than the crmle spirit. At each 
subsequent time of using the methylate<l spirit a further improvement of the quality of 
the alcohol takes place ; ultimately a .sjurit Ls obtained which is (juite fret; from the 
rank odour of the commercial article. Kadel {Pharm. Journ. und Transact ions, 1804, 
356) distils impure alcohol first over caustic soda — 30 grins, for 5 litre.s — after allowing 
to stand for a few days. The di.stillate is next treated with iKTinauganate and distilletl 
off again. 1 f ncce.s.sary, the latter operation is repeated and followed by filtration over 
charcoal. Dunlap {Journ. Avier. Cttem. Soc., 1006, 35)5), modifying L. W. Winkler’s 
propo.sal {Berichte, 1905, 3612) to remove aldehydes by means of silver oxide, prei)ares 
aldehyde-free alcohol as follows; 1'5 grins, of .silver nitrate dissolved in 3 c.c. of water 
are added to 1000 c.c. of 95 per cent alcohol in a glass-.stoppered cylinder and mixed 
thoroughly. Three grms. of potassium hytlroxide (pure by alcohol) are ilissolvetl in 10-15 
c.c. of warm alcohol, and, after cooling, are slowly poured into the alcoholic silver nitrate 
solution, taking care that the latter is not shaken. The ]irecipitate of finely divided 
silver oxide slowly di.stributes itself through the contents of the cylinder, and .settles 
completely after standing for .some time. The clear supernatant liquid is syphoned otf 
(or filtered off) and distilled. No portion of the distillate need lie rejected. * 

It should be noted that in this country alcohol in which retailers are permitted to 
deal is methylated at pre.sent (General Onler a.s to Methylated Sjiirit, .Tuly 20, 1891) 
by mixing “ordinary” methylated spirits (i.e. alcohol “denatured” with wood- 
naphtha to the extent of one-ninth of its volume) with 0’375 per cent of mineral naphtha 
(petroleum) of a specific gravity of not less than 0'800. lliis kiml of methylated .sjnrit 
is known as “ minerali.sed methylated spirits.” The admixed hydrocarbons are not 
removed by the foregoing proces-ses of purification, lis they pass over into the di.stillate 
with the alcohol. In estimations of “ un.saponifiable matter” in fats this source of error 
nm.st be specially guarded against. ^ Dingl, Polyt. Journ., 245, 295. 
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Hehner, Duclaux, and others ; but I do not recommend it, as the 
presence of ether necessitates a lower temperature tluin would be 
required in some cases. Henriqn.es ^ proposed a method of “ cold 
saponification ” which consists in dissolving the fat in petroleum ether 
and mixing the solution with alcoholic soda ; on standing for twelve 
hours, complete saponification takes place. In addition to the dis- 
advantage that an operation which can be easily finished in half an 
hour is unduly protracted, this method has the further drawback 
that the solution of alkali must be prepared with strongest alcohol, 
as it is essential to obtain a homogeneous liquid on mixing the alcoholic 
soda with petroleum ether. If alcoholic soda be employed, some 
sparingly soluble soda soaps may separate, and, by o(!cluding 
unsaponified fat, prevent complete saponification. Although there is 
no reason why alcoholic potash should not be used in place of alcoholic 
soda to obviate the last-named difficulty, the consideiable length of 
time required would still militate against the employment of this 
method in place of the usual one. In the case of sulphurised (vulcanised) 
oils and fats, however, the cold saponification process may be used 
with advantage, as by boiling with alcoholic potash sulphur is eliminated 
from the fatty substance to a far greater extent than when working 
in the cold. It may also be employed usefully in those special cases 
where it is intended to study the progress of saponification by analytical 
or physico-chemical methods. 


AVith regard to the question as to whether the difterent ti’iglycerides 
are saponified with equal facility, no definite conclusion has been 
reached at present. It has been stated that olein is hydrolysed with 
greater difficulty than palmitin or stearin. This statement has even 
led to the patenting of a process ^ for obtaining olein from olive oil 
(which consists essentially of olein and palmitin) by shaking the oil 
with caustic soda in the cold, when palmitin is said to be saponified, 
whereas olein is said to remain unchanged. Against this must be set 
the statement by Thum ^ that there is no marked dilTerence between 
oleic and commercial stearic acids in their behaviour with caustic 
alkalis. On adding to a mixture of oleic and commercial stearic acids 
an amount of caustic potash insufficient completely to neutralise the 
fatty acids, the composition of the acids that had been converted into 
soaps was found to bo almost the same as that of the acids that had 
remained free. Hence it is impossible to effect a separation of solid 
from liquid fatty acids by partial saturation with alkali. Conversely, 
Henriques ^ showed that on saponifying glycerides with amounts of 
caustic alkali, insufficient to neutralise all the fatty acids formed, no 
selective action of the alkali on the several glyceryl esters could be 
observed. However, inasmuch as saponification took place somewhat 
rapidly in these cases, the conclusions must be accepted with reserve. 


1 Journ. Soc. CAm. Ind., 1896, 299, 476. The objections raised by llenriqnes to 
the usual method of saponification are groundless (cp. Holde, Journ. Soc. them. Ind., 
1896, 470). 

" (Sernmn patent 37,397. “ ’if Vq- 

^ Journ. A'oe. C/mn. Ind., 1898, 673, 853 ; Zeits. f. angew. them., 1898, 338, 69/. 
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The subject has not yet been so completely investigated as it deserves, 
and it will only be possible to arrive at definite conclusions if hydrolysis 
is brought about very slowly. Henriques' methods of cold saponification, 
or hydrolysis in alcoholic solution assisted by hydrochloric acid, or 
hydrolysis by means of ferments, offer suitable methods for this purpose. 
The above-detailed experiments with steapsiii would seem to show 
that cotton seed oil is much more easily hydrolysed than lard. Haller ^ 
is of opinion that the glycerides of the lower fatty acids are more 
readily hydrolysed than glycerides of higher fatty acids. The ready 
solubility of castor oil in alcohol satisfactorily explains the fact why by 
Haller s method this oil is more easily hydrolysed than glycerides 
which are insoluble in alcohol. 

The fact that fats containing notable amounts of volatile fatty 
acids (cocoa nut oil, paliTi nut oil) lend themselves more suitably to 
the manufacture of “ cold soap ” (cp. VoL III. Chap. XV. “ Soap- 
making by the Cold Process ”) would also appear to speak in favour 
of the view that glycerides of lower fatty acids are more readily hydro- 
lysed than those of the higher fatty acids, but it should be pointed 
out that in this case the caustic soda solution used must be of high 
strength. Experiments in this direction with pure triglycerides have 
not yet been carried out ; these seem to be ail the more required, as 
Urbain, tiaigon, and Feige,^ from their experiments with castor seed 
ferment, derived the conclusion that the saponification of the vaiious 
glycerides appears to proceed at the same rate. 

Those fats which are not saponified readily are best heated with 
alcoholic potash under pressure. The author proposed for this 
purpose a copper bottle with a screw-stojiper ; this bottle may be 
immersed in water, as it is not liable to breakage (as scltzer-watcr 
bottles arc). 

Carbonates of the alkalis do not saponify oils and fats under the 
same conditions as do caustic alkalis ; ^ nor do silicates ofi'ect saponilica- 
tion. All statements made to the contrary must be acce[)tcd with 
the greatest reserve. 


Saponification of Waxes 

In the case of waxes we have to deal with simple esters ; hence 
hydrolysis (saponification) in stages cannot take place. The hydro- 

^ (Jd/tipt, /r>Li/., 1906 (T13), 660. 

2 Bull. Boc. (Jhini., 1904 (31), 1194. 

^ Ikimet iind Gibbs in 180f) cl.aiiiitMl the saponification with alkali carbonate, but the 
formation of soap can only have been a secondary process, as hydrolysis seemed to have 
been brought about by the high temper.atiire and pressure to which the glycerides wore 
exposed (in pre.sence of carbonate). Nor can M. Doyon and A. Morel's statciaont {Compt. 
rend. Soc. Biolog., 1902 (54), 1.524) llnit sodiiini carbonate, even in dilute solution, 
efiects saponification at body temperature, be accepted without reserve ; the monobiityrin 
with which they worked wtvs most likely hydrolysed by water. Cp. also French 
patent 376,122 (E. de Gron.sse.aii). 

French patent 339,154 (G. Joiinlan) ; Knglish ])atent 27,280, 1906 (W. N. Bacon). 
Cp. also Schourer-Kestner, (doinpt. reiul., 1860 (51), 317. 
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lysis of waxes leads to the production of fatty acids and alcohols. 
Since the latter are insoluble in water (in contradistinction to glycerol), 
and therefore serve similar technical purposes as do the fatty acids 
themselves, waxes are not hydi-olysed generally for the mere production 
of fatty acids and alcohols (cp. Vol. III. Chap. XY. “ Technology 
of Waxes ”). Hence a discussion of the metliods of hydrolysis 
would serve no useful purpose ; it need therefore only be pointed 
out that hydrolysis by means of water at high temperatures and 
pressures (superheated steam) is employed on a large scale as an 
intermediate process only, the temperature being kept so liigli that 
further changes with the production of hydrocarbons take place (cp. 
Vol. III. Chap. XV. “ Montan Wax ” ; Vol. III. Chap. XVI. “ Wool 
Fat ”). Hydrolysis with the aid of the castor seed ferment seems 
to have been effected in the case of spermaceti up to a certain extent, 
but as this process has no practical importance, it need only be stated 
that in a semi-large scale experiment 32 per cent of spermaceti was 
hydrolysed (cp. German patent 145,413). 

By saponifying waxes with alkali the salts of fatty acids and higher 
alcohols are obtained. Thus, myricin is resolved into the palmitato 
of the alkali metal and myricyl alcohol, according to the following 
equation : — 

(A5n3iCO.O.C3oHoin-KOH^C,6H3iCO.OK-fC3oU^ 

On diluting the alcoholic solution of a saponified w'ax with water, 
the higher alcohols (being insoluble in water) separate out and rise 
to the surface of the liquid, or remain suspended in it, causing turbidity 
of the liquid. They are separated from the soap by shaking with ether, 
or by evaporating the solution together with the insoluble matter to 
dryness, and exhausting with petroleum ether (cp. Chap. IX. “ IJn- 
saponifiable Matter ”). In practice the extracted substances, being 
insoluble in water and alkalis, are termed “ unsaponifiable.” 

On saponifying beeswax and carnaiiba wax it is necessary to employ 
strong alcoholic potash made with at least 96 per cent alcohol, and it 
is advisable to add to the alcoholic potash some absolute alcohol so 
as to ensure proper solution of the soaps formed. One hour’s boiling 
is then sufficient to saponify the above-named waxes. 

Wool wax must be boiled with an excess of half-normal alcoholic 
potash for at least twenty hours. It is, however, easily saponified 
by means of sodium in a solution of absolute alcohol {Kossel and 
Obermuller's method). The reagent (which must be made afresh for 
each series of experiments) is prepared by dissolving 5 grins, of metallic 
sodium or preferably potassium in 100 c.c. of absolute alcohol. The 
author has shown ^ that equally satisfactory results are obtained by 
saponifying with double normal alcoholic potash under pressure.'*^ 

The difficulty which the saponification of some of the solid waxes 

^ Lewkowit.sch, Journ. Soc. Chem. Jnd., 1892, 137. 

^ Heuriques’ .statemeut that under these conditions the alkali acts on the alcohols 
containefl in the wool fat with the jiroduction of iwids is unfounded. Ilenriques’ objec- 
tions to the usual methods of saponilication are likewise groundless (cp. Holde, Joum. 
iioc. Chem. Ind.^ 1896, 476). 
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presents is no doubt due to tbe fact that the sodium soaps formed are 
less readily soluble than those obtained when saponifying fats. Thus 
in the case of wool waxd lAiwkowitsch has shown that the soaps arc very 
sparingly soluble in water. Such soaps would naturally envelop 
unsaponified wax and thus protect it from contact with alkali. There- 
fore petroleum ether boiling above 120° C., suggested in Henriques’ 
method of cold saponification, ensuring, as it does, a readier contact of 
alkali with wax, accelerates the reaction, especially so when the solution 
is heated. The alcoholic potash should be prepared with strongest 
alcohol. In the case of spermaceti, which yields easily soluble soaps, 
saponification is as readily effected as in the case of oils and fats. 

In order to be able to work at a higher temperature than is possible 
with ethyl alcohol, some operators employ amyl alcohol (]3ro[)yl 
alcohol also has been proposed with the same object in view ; cp. 
Vol. II. Chap. XIV. “ Beeswax ”). 

Siindwick states that in the case of psylla wax (see Vol. II. Chap. 
XIV.) hydrolysis is more readily effected by means of hydrobromic 
acid than by means of alcoholic potash. 

^ Fulirion states that wool grease (the [n-oportion of free fatty acids is not stated) 
may he com])K‘U‘ly saponified on a water-batli in an open capsule hy means of doiiidi* 
normal alcoholic soda. The soap .solution must h(! .stirred con.stanlly, evaporated 
down to drynes.s, and repmtedb/ taken up with strong alcohol to drive olf tlic 
la.st traces of water, then again boiled down to dryne.ss, and kept for some time on 
the water -bath. Thi.s i.s evidently not a very e.xpeditiou.s proce.s.s {Zeita. f. ((iip'iv. 
C/iem., 1898, 26S). 
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CONSTITUENTS OF FATS AND WAXES 

In tliis chapter only those a(*i(ls and alcohols can be considered fully 
which arc constituents of natural oils, fats, and waxes, or are derived 
from them by technical processes or, at least, stand in such near 
relationship to them that their description becomes necessary from a 
technological point of view. Those fatty acids and alcohols which 
have not been found in natural oils, fats, and waxes, or have not been 
shown to be derived from those technical products which form the 
subject of the third volume of this worh, fall outside the scope of 
this chapter. Therefore isomerides of fatty acids whicdi do not occur 
in nature will only be dealt with in the briefest fashion. 

In the laboratory, fats and waxes are resolved into their proximate 
constituents, viz. into fatty acids and glycerol on the one hand, and 
into fatty acids and alcohols on the other, by saponification with 
alcoholic potash solution. 

The method for preparing the fatty acids from oils and fats may 
be described here in full once for all : 50 grins, are saponified (see 
p. 103) by boiling with 40 c.c. of a caustic potash solution of the specific 
gravity 1*4 and 40 c.c. of alcohol in a flask provided with a reflux 
tube, or (especially in the case of those fats the fatty acids of which 
are not likely to undergo rapid oxidation on exposure to the air) in 
a porcelain dish on a water-bath with constant stirring, until the 
soap becomes pasty. It is preferable to use the flask when solid fats 
(and readily oxidisablc oils, see below) are saponified, as in an open 
porcelain dish the soaps are apt to occlude neutral fat, which would 
thereby escape saponification ; besides, it is thus possible to recover 
the alcohol. The soap is theai dissolved in 1000 c.c. of water, and the 
solution boiled in a porcelain dish to evaporate off the adhering alcohol ; 
this can be effected readily by replacing the water as it boils away. 
Next the soap is decomposed by means of dilute sulphuric acid. When 
by continued boiUng the fatty acids have been obtained as a clear oily 
layer, free from solid particles floating on the aqueous liquid, the latter 
is drawn ofl by means of a syphon, and the fatty acids are washed 
several times with hot distilled water until all mineral acid has been 
removed. Since fatty acids of low molecular weight are soluble in 
hot water, and may redden litmus paper, methylorange should be used 
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(p. 124) to test for acidity. The dish containing the fatty acids is then 
placed on a water-bath, and warmed until the fatty acids are com- 
pletely liquefied. The water and impurities will settle out, and the 
warm acids are then poured through a dry plaited filter fitted in a hot- 
water funnel. The fatty acids thus obtained are sufficiently dry for 
examination. If the fatty acids solidify at the ordinary temperature, 
it is advisable to allow the fatty layer to solidify, then to perforate the 
cake by means of a glass rod, pour off the acid liquid, and wash with 
hot water as before (cp. also Chap. VIII. “ Solidifying Point,” “ Titer 
Test ”). 

In order to avoid oxidation of the fatty acids contained in vegetable 
drying and marine animal oils by exposure to the air, the saponification 
is best carried out in a flask. The removal of the alcohol and washing 
is carried out in the flask itself, preferably in an atmosphere of carbon 
dioxide or hydrogen. For this purpose the flask in which the saponifica- 
tion has been carried out is provided with a cork perforated with three 
holes, through one of which enters the indifferent gas (carbon dioxide 
or hydrogen) ; through the second the gas and vapours pass away, 
whilst the third is fitted with a syphon which is put in operation when- 
ever wash water has to be drawn off. Thus it is possible to prevent 
the oxidation of the fatty acids. This is especially necessary in case 
the further examination of fatty acids for iodine value or for the pro- 
portion of unsaturated fatty acids is required. The filtration may 
also be carried out in an atmosphere of an indifferent gas. 

It will be observed that in any case the bulk of the volatile soluble 
fatty acids are removed with the wash waters. Thus the method of 
preparing the fatty acids refers essentially to the preparation of the 
insoluble fatty acids. The soluble volatile fatty acids must be deter- 
mined separately, according to the methods explained in Chap. VIII. 

In order to test for the presence of unsaponified fat, 3 c.c. arc 
dissolved in 15 c.c. of 95 per cent (by volume) alcohol, and 15 c.c. of 
a(]ueous ammonia are added. If an appreciable amount of fat has 
escaped saponification, the mixture will become turbid {Geitel). It 
should, of course, be remembered that, if the sample contain con- 
.siderable quantities of unsaponifiable matter, turbidity will set in on 
that account alone. 

The acid water and wash waters contain all the glycerol obtainable 
from the glycerides. 

If a wax be saponified in the same manner, it should be noted that 
the fatty layer, obtained as described above, contains both the fatty 
acids and the alcohols, and also such amounts of hydrocarbons as 
naturally occur in the wax, whereas the wash waters contain no glycerol.^ 
In order to obtain the free fatty acids themselves, recourse must be 
had to special methods which will be described in Chapter VI. 

The mixed fatty acids, or in the case of waxes the mixed acids 
and alcohols, are then resolved into the individual constituents by 
scientific methods which will be detailed later on. 

^ Cp., however, “Sperm Oil" aad “Arctic Sperm Oil,’’ Vol. II. Chap. XIV. 
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In the above described manner the acids and alcohols enumerated 
in the following lists have been isolated from fats and waxes. Those 
acids and alcohols which have been found hitherto exclusively in waxes 
are marked (W.), and those which occur in fats as well as in waxes 
are marked (F.W.) ; all other acids and alcohols have hitherto been 
found in oils and in fats only. 


A. Acids 


I. Acids of the series CjjHgjjOo. 

C2H4O2 Acetic acid 
C4F{y02 Butyric acid 
(IgHioOa Valeric acid (?) 

CfiHxaOa Caproic acid 

Caprylie acid ; 

(\0H20O2 Oapric acid 
Cj 2H24U2 Laurie acid 
C43H20O2 Ficoecrylic a<;id (?) (W.) I 
C14H28O2 Myristic acid (F.W.) j 

(^jsHyoOa Isocetic acid (?) ! 

Palmitic acid (F.W.) I 


Acids of the Acetic Series.^ 

CJ7H34O2 Daturic acid 

Stearic acid (h\W.) 
t\oIi4oD2 Arachidic acid 
Bchenic acid 
^'21^48^2 Lignoceric acid 
^'24^148^2 Caniaiihic acid (?) (W. ) 

^ AH4ft02 Pisangccrylic acid (W.) 

L20 1162^2 Ccrotic acid (W. ) 

C28H58()2 Montanic acid (W.) 

QwtI«oD2 Mclissic acid (W. ) 

^^^33^166^2 Ps^yllostcarylic acid (?) (W. ) 


IT. Acids of the series C„,II2 h- 2^2' Acids of the Acrylic or 
Oleic Series. 


O5H8O2 TigLic acid 
C12H22O2 named 

Cj4H26^b named 

0]cH.„,() 2 Hypoga>ie acid 
Fiotl3ot^2 Physotoleic acid (F.W.) 
('461130^2 Ptilmitoleie acid 
Lycopodic acid - 
1 181134^^2 Dleic acid 
C18H34O2 Elaidic acid 
^’18^3403 Isodlcic acid 


C18H34O2 Rapio acid 

Petro.sclinic acid 
CjKlIaiOj Clieiranthic acid 
C18H34O2 Liver oleic acid 
(\j)H3q(.) 2 Docglic acid (?) 

I *^181136^2 dccolcic acid 
: fladoloio acid 

i (.'22H42O2 Erneic acid 
I t’ 22 H 4202 Brassidic acid 
i C22H42O2 Isoorucio acid 


III. Acids of the series 

(a) Open Chain Acids. 

(( 4 ) Acids of the Linolic Scries. 

CigH^gOg Linolio acid PigllaoDo Ekeomargaric (Eleeo- 

C13H32O2 Millet oil acid stearic) acid 

CigHgoOg Telfairic acid 


{fS) Acids of the Tariric Series. 

C^sttgjOo Tariric acid ! 

(/>) Cyclic Acids. Acids of the Chaulinoogric Series. 

CigHjgOj Hydnocarpic acid | Chaulmoogric acid 


^ Ilyieuic acid, described in the earlier literature of oils and Ms as having the 
formul.'i CogllgyOg, hns been omitted here ; most probably it represented a mixture of 
several acids. 

^ Aldepalrnitic acid, CioHgoOo (Wanklyn, Journ, Soc. Chem. Ind., 1S91, 2P2), has not 
been admitted to the above list. 

* The existence of the acids marked with an * has l)Con inferred from derivatives of 
such hypothetical acids. 
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IV. Acids of the series C,jH2h- 602. Acids of the Linolenic Series. 

Linolonic acid I ♦CigHgoOa Jecoric acid 

CjsUaoOg Isolinolenic acid | 

V. Acids of the series C,JJ2„ _g02. Acids of the Clupanodonic 
Series. 

Ci4H2oOa acid i Clupanodonic acid 

C17H20O2 riierajuc acid (?) | G20H32O2 Arachidonio acid 


VI. Acids of the series C,tH2„,03. 

(YdlojOg Sabinic acid^ 

Junipcric acuP 1 

U18U32O3 Lanopalrnic acid (W.) | 


Ilydroxylated Acids. 

^'21^^42^ not named 
CaiHgoOg Cocceric acid (W. ) 


VII. Acids of the series ,03. Acid of the llicinoleic Scries. 

C,„Il3,()3 Ricinolcic acid liicinic acid 

Ci 8H3,()3 Isoncinolcic acid Quince oil acid 

biHiig^Og Ricmolaidic acid i 


VIII. Acids of the series 0,^112,^04. Dihydroxyl ated Acids, 

^isUaeOi Diliydroxystearic acid | t'aoHggOj Lanoceric acid(VV.) 


IX. Acids of the scries 0„IT2„_2O4. Dibasic Acids. 

b • toptadccamcthyloncdicar- j C20I fasO., Oct odecanietliy Icncdicar- 
boxyhe acid boxylic acid 

Cbjll^oO^ .Japauic acid 


B. Alcohols 


I, Alcohols of the series C„H2„.^ gO. 

C’lgHagO Pi.sangccryl alcohol (W.) 
f '10^340 Cetyl alcohol (Kthal) (W). 
CigHssO Octodccyl alcohol (VV. ) j 

( '20B42O Arachyl alcohol ; 

C20U42O Raphia alcohol (W.) | 

C24H50O Carnaubyl alcohol (?)(W.)i 


II. Alcohols of the series C„ H„.0. 

C12H21O Lanolin alcohol (W.) | 


Alcohols of the Ethane Series. 

^'21^500 or CggltBa^^ not named 
('cryl alcohol (F.W.) 
UarUgfiO Isocoryl alcohol (W. ) 
^’30^182^^ Melissyl (Myricyl) alcohol 
(F.W.) 

^33^68^ Rsyllostcaryl alcohol (W.) 


Alcohols of the Allylic Series. 

U15H30O not named 


III. Alcohols of the series 

CjTHgsO Ficoceryl alcohol (W.) 

The existence of the acids marked with an * has been inferred from derivatives of 
such liypothetical acids, 

^ These hydroxylated acids are stated to occur in the “Etholides” of the Coniferoi, 
See Chap. II. p, 68. 
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IV. Alcohols of the series C,iH2,i+202. Alcohols of the Glycolic 
Series. 

CjsTIsaOa not named | C3olf„oOa Cocccryl alcohol (W.) 

V. Alcohols of the series 
(yigOa Glycerol 


VI. Alcoliols of the Cyclic Series. Sterols. 

(rt) Zoosterols. 

C27H46O Cholesterol (F.W.) I thTHjoO llonihicest(>rol 

C27H46O Isocholesterol (\V. ) I (h7ll4(,0 Clioiiasterol 

(h) Phytosterols. 

CjiTHiflO Sitosterol (F.W.) j Stigmasterol 

llrassicasterol j C^jH,.,!) ('ojirosterol 


A. ACIDS 

Occurrence of Fatty Acids 

% 

The fatty acids above eiuinicrated are by no means equally dis- 
tributed in natural oils, fats, and waxes. Those fatty acids which 
contain an uneven number of carbon atoms (valeric, ficocerylic, 
isocctic (?), tiglic acid, etc.) are of comparatively rare occiirrcm*e, and 
are mostly confined to some single individual. Indeed, some of those 
enumerated will not, perha])S, bear the light of modern investigation 
with its improved metliods of research, and may have to share the fate 
of medullic,^ moringic, theobromic,^ crotonoleic,^ and umbellulic ^ 
acids, which must be considered as definitely removed from the list 
of fatty acids. The fatty acids of the vast majority of oils and fats 
contain an even number of carbon atoms, and it would almost appear 
that acids having an uneven number of carbon atoms should on that 
account alone be looked upon as most likely not belonging to this 
section. On the strength of this rule the author ventured the opinion 
that statements as to the occurrence of formic acid in oils and fats 
should be regarded with suspicion. Most of the acids having an uneven 
number of carbon atoms have been marked with a (?) in the list. 

Kecently, however, the identity of an acid occurring in datura oil 
and having the composition has been proved by //. Meyer 

and R. Beer, so that the occurrence of at least one higher acid with 
an uneven number of carbon atoms must be considered as established. 

In the brief enumeration of pure glycerides and pure waxes given in 
Chap. 1. the most important fatty acids are given implicitly. Full 

^ Berichte, 23. Kef. 493. ^ 1^- 1103. 

- =* Journ. Boc. Cliein. iM., 1895, 985. •* Aimr. Chem. Journ., 1902, 327, 

VOL. I I 
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indications as to their occurrence, as also of the alcohols mentioned in 
the list, will be found on the following pages of this chapter. 

It would also appear that all saturated fatty acids have a normal 
structure ; this induced the author to deviate from the statement 
found in text-books on “ Organic Chemistry,” that isovaleric and 
isobutylacetic acids occur in dolphin oil and butter fat respectively ; 
the acids are described here as valeric and caproic acids. 

The existence of the higher fatty acids was practically unknown 
until Ckeoreul commenced his researches, although, already in 1741, 
Claitde Joseph Geoffrey {Geoffrey the youtiger) had observed that on 
decomposing soap with a mineral acid a fatty substance was obtained, 
which differed from all known oils and fats by its ready solubility in 
alcohol. Three years later Macquer found that the greater solubility 
in alcohol of rancid fats and oils as compared with fresh fats and oils 
is due to the presence of an acid substance. Fonreroy, as Scheele 
before him, had found that the fatty matter separated from lead plaster 
by means of acid differs from the original fat by its greater solubility 
ill alcohol and its greater power to combine with lead hydroxide. 


Properties of Fatty Acids 
Specific Gravity 

The specific gravities of the fatty acids at different temperatures 
will be found under the headings of the individual acids.^ The following 
table, affording a rapid survey, indicates that the specific gravity 
decreases with the increase of the number of carlion atoms in the 
molecule, and that the specific gravities of the unsaturated acids 
are higher than those of saturated acids having the same number 
of carbon atoms : — 


Acid. 



Spocillc Oravity. 

Acetic 



. 1051.5 at 1.5° C. 

Butyric . 



. 0-9.580 , 

14 „ 

Valeric 



. 0-9310 , 

20 „ 

Caproic . 



. 0-9274 , 

20 „ 

Caprylic . 



. 0-9100 , 

20 „ 

Capric 



. 0-8858 , 

40 

Laurie 



. 0-875 , 

43-6 „ 

Myristic . 



. 0-8622 , 

53-8 „ 

Palmitic . 



. 0-8627 

. 62 „ 

Stearic 



. 0-8454 

, 69-2 „ 

Cerotic . 



. 0-8359 

, 79 „ 

Oleic 



. 0-8640 , 

. 78-4 „ 

Elaidic 



. 0-8606 , 

, 79-4 „ 

Petroselinic 



. 0-8681 , 

, 40 „ 

Erucic 



. 0-8602 , 

, 55-4 „ 

Linolic 



. 0-9026 , 

,18 „ {water at 4° C. 

Liiiolenic 



. 0-9141 , 

, 18 ( „ 


^ For speculative views on the Specific Gravities at tlio Melting Point in Relation 
to Constitution cp. J. C. Earl, Vfiem. News, 1910, 265. 
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Solidifying and Melting ^ Points 

The lower members of the acetic acid series, up to and including 
caprylic acid, and further oleic, rapic, docglic (?), linolic, liiiolenic, 
clupanodonic, and ricinoleic acids are licpiid at the ordinary tem- 
perature. The following table contains the solidifying and melting 
points of the acids arranged in a synoptical manner : — 


Acid. 

Solidifying Point. 
“C. 

Melting Point. 

“C. 

Acetio . 



+ 17-5 


Butyric 



- 19 

-6-5 

V aloric 



-57 

-51 

Caproic 



-8 


Caprylic 



12 

16 '5 

Capric-. 



... 

31-3 

Laurie . 




43-6 

Myristio 




.53-8 

Falmitio 



62 -G 

62-62 

Daturic 



59-5-60 


Stearic . 



69-3 

69-32 

Arachidio 



79-77 

77-0 

Behenic 




83-81 

Lignoceric . 




80-5 

Carnaiibic . 



69-67 

74 

Pisangc(!rylic 




72 

Corotic . 




77-8 

Montan ic 




83 

Mclissic 




91 ; 88-5 

Psyllostearylic 




94-95 

Tiglic . 




64-5 

Hypoga'-ic . 




33-0 

(Caidic) 




(39) 

Physetoleic . 




30-0 

Oleic . 




6-6 ; 14“ 

(Isobleic) 




(44-45) 

(Elaidic) 




(44-5) 

Erucic . 




33-34 

Petroselinic . 



27 

33-34 

Petroselinelaidic . 




(54) 

(Isoerucic) . 




(54-56) 

(Brassidic) . 




(65-66) 

Eleeomargarie (Elieoatea’-io) 



47-48 

Linolic . 



below - 18 


Tariric . . 




60-6 

Hydnocarpic 




59-60 

Chaulraoogric 




68 

Isanic . 




41 

Lanopalmic . 




87-88 

Cocceric 




92-93 

Ricinoleic 



6-10 

4-6 

Ricinelaidic . 




52-53 

Ricinic . 




81 

Dihydroxy.stearic . 




141-143 

Lanoceric 



103-101 

104-105 

Japanic 




117-7 

J 


^ Cp. Lc Chatelier aiul (Mllo) Cavaigiiac, Ompt. rend., 1913 (166), 589, and above, 
p. 22. Cp. p. 179, “Oleic Acid.” 
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The solidifying points of mixed fatty acids are of great importance 
in the examination of oils, fats, and wax ; the solidifying points 
being more characteristic than the melting points. It is not possible 
to infer by calculation the solidifying point of a mixture of pure fatty 
acids from the solidifying points of the individual fatty acids. This 
is clearly brought out by the numbers given in the following table, as 
also by the author’s ^ observation that a mixture of two parts of pure 
stearic acid melting at 69-3° C. and one part of “ oleic acid ” melting 
at 11'’ C., melted at 62'5'’ to 63-5‘’ C., whereas calculation would lead 
to a melting point of only 50-9° C. 

Mixtures of pure fatty acids are apt to form “ eutectic ” com- 
pounds, behaving, as regards melting and solidifying points, like pure 
chemical substances. Thus, a mixture of 17*5 per cent of stearic and 
52*5 per cent of palmitic acids behaves like a chemical individual and 
cannot be re.solved into its components by crystallisation bom alcohol. 
Further instances of such eutectic compounds will be given in the 
following pages. It may, how(wer, be pointed out here that several 
acids which were looked upon as individuals were found to be eutectic 
compounds. This holds good especially of those acids to which an 
uneven number of carbon atoms in their molecule has been ascribed. 

The melting point of a mixture of two fatty acids cannot be calcu- 
lated from the melting points of the constituents. As a rule, the 
melting point lies considerably below the calculated one, sometimes 
even below the melting point of the lowest melting acid. The following 
tables will illustrate the above-mentioned facts 


Solidifying Points of Mixtures of Palmitic and Stearic Acids 
{de Visser) 


Palmitic \ 
Acid, 

Por cent. 

Stearic - 
Acid. 

Per cent. 

, 

Solidifying 

Point. 

•0. 

i’.'ilniitic 
Acid. ! 
Per cent. 

Stearic 

Acid. 

Per cent. 

Solidifying 

Point. 

“0. 

100 

0 

62*618 

1 

56 i 

44 

.56*36 

90 

10 

59*31 

55 

46 

56*38 

85 

15 

57*80 

54 

46 

56*39 

80 

20 

56*53 

53 

47 

56*40 

75 

25 

55*46 

52 

48 

.56*40 

71 

29 

54*92 

51 

49 

56*41 

70 

30 

.54*85 

50 

50 

.56*42 

68 

32 

,55*12 

! 49 

51 

56*44 

66 

34 

55*38 

48 

52 

56*50 

64 

36 

55*62 

47 

53 

56*63 

63 

37 

55*75 

46 

54 

56*85 

62 

38 

.55*88 

45 

55 

57*20 

61 

t 39 

56*00 

40 

60 

58*76 

60 

40 

56*11 

30 

70 

61 *73 

59 

41 

56*19 

20 

80 

61*51 

58 

42 

56*25 

10 

90 

67*02 

57 

43 

I 56*31 

0 

100 

69*32 




^ Jahrhuch der Cheviie, 1899, ix. 353. 

^ The palmitic acid wits obtained from vegetable tallow of China, and had been 
recrystallised thirty tiine.s ; the stearic acid was pre])ared from Uorneo tallow, and had 
been recrystalUsed fifty-one times. Cp. Jicrichlcy 1905, 4949. 
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Solidifying Points of Mixtures of Stearic and Okie Acids {Fokin 


Olfiic Acid. 

Htcarii: Acid. 

Solidifying Point, i 

Oleic Acid. 

Stearic Acid. 

Solidifying Point. 

l>r cent. 

I'er cent. 

: 

Per cent. 

Per cent. 

“C, 

90 

10 

29-5 

40 

00 

69-8 

80 

20 

40-2 1 

30 

1 

! 02-3 

70 

30 

47-7 

20 

80 

G4-5 

GO 

40 

52-9 ! 

10 j 

90 i 

i GG-3 

50 

50 

5G-8 1 


100 

G8-0 


Melting Points of Mixtures of Laurie Acid with Myristic, or Pahnitic, 
or Stearic Acid (Ileintz) 


Laurie Acid. 

AVith Myristic Acid. 

With P 

ilniitic AciiL 

With Stearic Acid. 

Per cent. 

Per cent. 

JMclting Point. 

Per cent. 

Molting Point. 

Per cent. 

Melting Point. 

100 

0 

“C. 

43-6 

0 

'C. 

43-6 

0 

•G. 

43-6 

90 

10 

41-3 

10 

4i-5 

10 

4r.5 

80 

20 

38*5 

20 

37-1 

20 

38-5 

70 

30*' 

35-1 

30 

38-3 

30 

43 •! 

60 

40 

36-7 

40 

40 '1 i 

40 

50-8 

50 

60 

37-4 

50 

47-0 

50 

55-8 

40 

60 

43-0 

60 

51-2 

60 

.59-0 

30 

70 

46-7 

70 

51 -6 

70 

62 ’0 

20 

80 

49*6 

80 

57-4 

80 

61 -7 

10 

90 

51*8 

90 

59-8 

90 

67 '0 

0 

100 

53-8 

100 

62-0 

100 

69 ’2 


Melting Points of Mixtures of Myristic Acid tvith Palmitic 
or Stearic Acid [Heintz) 


Myristic .\cid. 

Per cent. 

Palmitic Acid. 

Stearic Acid. 

Per cent. 

Melting Point. 

Per cent. 

Molting Point. 



“C. 


• C. 

100 

0 

53*8 

0 

53 -8 

90 

10 

51-8 

10 

51-7 

80 

20 

49 -5 

20 

47-8 

70 

30 

46-2 

30 

48-2 

60 

40 

470 

40 

50-4 

60 

60 

47-8 

50 

54-5 

40 

60 

51-5 

60 

59-8 

80 

70 

54 -9 

70 

62-8 

20 

80 

68-0 

80 

65-0 

10 

90 

60-1 

90 

67-1 

0 

— 1 

100 

62-0 

100 

69-2 


Joum. Russ. Phys. Glwm. Soc., 1912 (44), 155. 
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Melting Points of Mixtures of Daturic and Palmitic Acids 
{Meyer and Beer 


Daturic Add. 

Palmitic Acid. 

Melting Point. 

Per cent. 

Per cent. 

°C. 

100 

0 

59-5 

90-G 

9*4 

5(v6-.57 

8:b:i 

16-7 

66 -60 

7.35 

20-.5 

64-6-66-6 

68-5 

31-5 

64-6-60 

62-4 

37(> 

64-6-60 

65-5 

44-5 

56-6-57-6 

.500 

.500 

60 -58-5 

41-7 

1 58-3 

68 -69-5 

31-2 

i 68-8 

.58-5-00 

20-8 

79-2 

1 60-.5-00-6 

IM 

i 88-9 

00 -01-6 

0 

! 100 

j 

02 


Melting Points of Mixtures of Palmitic and Stearic Acids {Ileiniz‘^) 


Palmitic Add. 

Stearic Acid. 

Melting Point. 

Per cent. 

Per cent. 

'0. 

100 

0 

02-0 

90 

10 

00-1 

80 

20 

57-6 

70 

30 

66-1 

07-6 

,32-5 

65-2 

00 

40 

.50-. 3 

.50 

60 

.50-0 

40 

00 

00-3 

30 

70 

02-9 i 

20 

80 

06-3 

10 

90 

07-2 

0 

100 

09-2 


Tables giving tlie melting points of mixtures of not completely 
purified stearic and palmitic acids, and mixtures thereof with oleic 
acid, will be found in Vol. III. Chap. XV. “ Candle Industry.” 

Melting Points of Mixtures of Palmitic and Cerotic Acids {Leivkowitsch^) 


Palmitic Acid. 

Per cent. 

Cerotic Acid. 
Per-cent. 

Molting Point. 

“ C. 

100 

0 

60-0 

90 

10 

56-0 

85 

16 

66*6 

76 

25 

60-6 

60 

40 

65-5 

50 

60 

68 '6 

40 1 

60 

70-0 

0 1 

100 

78-6 


^ Mitt. k.k. Akiid. Wiasena.., 1912 (121), 1. 

Liebiys Annul. 92, 295. ^ Unpublished observations. 
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Melting Points of Mixtures of Steario and Cerotic Acids {Lewkowitsch 


stearic Acid. 

Per cent. 

Cerotic Acid. 

Per cent. 

Molting Point. 

"C. 

100 

0 

68-2 

95 

6 

667 

90 

10 

65-6 

85 

15 

63-3 

0 

100 

78-5 


Boiling Points 


Only the following among the more frequently occurring fatty 
.cids can be distilled under ordinary pressure without undergoing 
iecomposition : — 


Aril]. 

Butyric . 
Caproic . 
Caprylic . 
Caprio 


Boiling Point. 
“C. 
162-3 
202-203 
23 ( 3-237 
268-270 


Owing to £heir comparatively high vapour tension these acids arc 
readily volatilised with water vapours (cp. also Chap. VIII. “ Volatile 
Acids ”) on boiling their aqueous solutions ; hence they are also termed 
volatile fatty acids, in contradistinction to the higher fatty acids 
(palmitic, stearic, oleic, etc.) the vapour tension of which is so low that 
they are practically not volatilised in a current of steam at 100° C. ; ^ 
they are therefore termed non-volatile acids. Laurie and, to a lesser 
extent, myristic acids occupy an intermediate position between the 
two groups. The non-volatile acids, when subjected to dry distillation 
at ordinary pressure, undergo partial decomposition ; amongst the 
products of the destructive distillation are found hydrocarbons of the 
ethane series. Under diminished pressure, however, and with the aid 
of superheated steam, even these fatty acids can be distilled without 
suffering decomposition (Chevreul). In practice, the distillation with 
superheated steam under ordinary pressure is largely used in the 
manufacture of higher fatty acids. More recently the two methods 
have been combined, and the higher fatty acids are distilled on a large 
scale in a current of superheated Steam in vacuo (see Vol. III. Chap. 
XV.). The action of steam is not only a mechanical or purely physical 
one, as distillation in a current of hydrogen does not preclude the 
formation of secondary products. Experiments dealing with carbonic 
acid as a vehicle in the distillation process have not been published. 

The following isolated observations will illustrate the statements 
made ^ibove. If lauric acid (boiling at about 295° C.) or myristic 
acid (boiling at about 318° C.) are distilled with water or steam under 
ordinary atmospheric pressure, the distillate contains at most 0-2 per 


^ Unpublished observations. 


» Cp. Chap. VIII. 
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cent of these fatty acids. If, however, the steam be superheated so 
that the temperature of the myristic acid be kept up at 168-5^ C., then 
the distillate contains at 760 mm. pressure 7-7 per cent myristic acid, 
and at 38 mm. pressure the distillate will contain 65’7 per cent (C. von 
Rcchenherg). Further data will be given under the heading of the 
individual acids described below. 

The following boiling points have been found at the reduced pressures 
stated, and in vacuo : — • 



i 

iBoiliny Point 

noiliiiit Point 
at l.'i mni. 

Boiling Point in vamo. 


Acid. 

i at liMj nun. 

Pressure. 


— 

^ bath. 


j Pressure. 

(Kr.-ifll and 
Weilandt.i) 

(Kratlt and 
Weilandt.i) 

(Caldwell and 
Hurt ley.-) 


‘C. 

“C. 

“C. 

■‘C. 

" C. 

Laurie . 

225 

176 

102 

89 

100 

.Myristic 

250-5 

196-5 

121-122 

98 

130 

I’alniitic 

271-5 

215 

138-1.39 

114 

140 

Daturic 

227 


143-6' 



►Stearic . 

291 

232-5 

154-5- 155-5 

128 

1(50 

Hyj)()ga‘ic =' . 


236 




01(‘ie . . 

285-'5-28() 

232-5 

153 

130 

1(50 

Ela'idic . 

287-8-288 

234 

154 



Erucic . 


2(54 

1 179 i 



Hrassidic 


265 

1(50 : 



Linolic . 

229-230 ^ 





Chaulinoogric 


24i248'' 




Ricinoleie 


250 




Kicinic . 


250-252 




l'ilseof!t(‘aric . 


235 




Linoleiiic! 



157-158 


*• 1 


The lowest t<uuperatures at whicli volatilisation of lauric, myristic, 
palmitic, and stearic acids in a comj)letc vacuum could be ascertained 
were 22^, 27 32°, and 38° C. respectively.^ The details of the experi- 
ments are given in the following table : — 


Aeid. 

Teriippia- 

Duration t)f 

Weight of 

Loss of 

tiire. 

Kxperiinent. 

Snh.st.anee. 

Weight. 


i "C. 

Honrs. 

(Inns. 

(<rms. 

Lauric 

) 22 

• 1 36 

6 

4 

0-8215 

0-8310 

0-0005 

00095 

Myristic 

»: 27 

• V 28 

6 

10 

0-4263 
' 0-4269 

0-0003 

0-0006 

Palmitic 

j 32 

12 ' 

0-48402 

0-00012 

' 1 36 

12 i 

0-8359 

0-0012 

Stearic 

1 38 

12 1 

0-62663 

0-00012 

• < 39 

10 

0-6982 

0-0013 


^ IkricMe, 1896, 1324. Jmmi. Chem. Soc., 1909, 855. 

'' llodonsteiii, fkrichte, 1894, 3399. 

^ IJiuler 16 nirii. pressure ; and 228“ C. under 14 nun. pressure. 

^ Under a pressure of 20 mm. 

'• II. Majinia, Jkrichte, 1909, 675. 

Biiirier and Liniprieh, Zeits.f. Unters. d. Nahrgs- v. Oenvssm., 1912 (23), 648. 
* Cliz. J. Hansen, Berichtef 1909, 210. 
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Solubility 

Tlie lowest members of the acetic scries are miscible with water 
in every proportion.^ Caproic acid is no longer miscible witli water ; 
100 c.c. of water dissolve 0-882 grm. at 15° C. Caprylic acid requires 
for its solution 400 parts of boiling water ; on cooling, the acid separates 
out almost completely. At 15° C., 100 c.c. of water dissolve 0-079 grm. 
of caprylic acid. 

The solubility in wat(u- decreases rapidly with the increase of the 
number of carbon atoms in the molecule. Capric acid is practically 
insoluble in cold water, somewhat more soluble in hot water. Laurie 
acid is very slightly soluble in boiling water. The higher acids are 
practically insolulde in water. 

Taking the solubility in water as a basis for classification, we may, 
for analytical purposes, subdivide the fatty acids into soluble and 
insoluble fatty acids. The acids uj) to caprylic. acid are tei ined soluble 
fatty acids ; the higher fatty acids from myristic acid upwards are the 
insoluble fatty acids. Capric and lauric acids occupy, also as regards 
solubility, an intermediate position (cp. Chap. VIII.). 

All fatty acids, without exception, arc soluble in hot absolule oi- 
high strength alcohol ; the higher fatty acids, from palmitic upwards, 
are sparingly soluble in cold alcoliol. The highest acids are almost 
insoluble in cold alcohol. By repeatedly boiling an a.lcoholic solution 
of higher fatty acids or boiling down their alcoholic solutions, slight 
esterification takes place, which may in some cases cause appreciable 
errors. 2 

In dilute alcohol (below 00 per cent) the higher acids are pra(‘tically 
insoluble, cp. Chap. Vlll. 

The fatty acids are readily soluble in ether, carbon bisul])hide, 
chloroform, and carbon tetrachloride. With the exception of the 
hydroxylated fatty acids (see Chap. VIII.) the liquid and unsaturated 
fatty acids dissolve easily in petroleum ether. The solid fatty acids 
also dissolve readily on warming. 

Further data will be found in Cha]). V. under “ Solubility."' 


Refractive Index 

The magnitude of the refractive index increases with the increase 
of the number of carbon atoms in the molecule. The unsaturated 
fatty acids show a higher refraction than the saturated acids containing 
the same number of carbon atoms. This is shown by the following 
table ; further details will be found under the heading of each individual 
acid. 

^ With reg.-ird to “ onteetic ” niixtiires of formic, acetic, ami proiiioiiic acids with 
water (!p. A. Kiiucon, Compt, rend,, 1909 (148), 38 ; R. Balld, Cheni, Zentralb., 1910, 

2073. / . V y, , 

Emerson and Dumas, Jmini. Amer. Cheni. Soc., 1909, 949. 
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Acid. 
Butyric . 
Caproio . 
Caprylic . 
Capric . 
Laurie . 
My fistic . 
Palmitic . 
Margaric 
Stearic . 
Oleic 

Petroscliuic 


Hefractivo Index. 
1-39906 at 20° C. 
1-41635 „ 20 „ 
1-42825 „ 20 „ 
1-42855 „ 40 „ 
1-42665 „ 60 „ 
1-43075 „ 60 „ 
1-42693 „ 80 „ 
1*4342 „ 60 „ 
1-43003 „ 80 „ 
1-44710 „ 60 „ 
1-4533 „ 40 „ 


Optical Rotation 

Hitherto the specific rotations of the following three pure fatty 
acids have been determined (cp. also Chap. V. “ Rotatory Power of 
the Plane of Polarisation ”). 

Acid. Specille Rotation. 

Uicinoleic . . . . . . + 6-25 

Ilydnocarpic ...... -j-68-l° 

Chaulmoogric . . . . . . -[-56 

For the resolution of racemic, dihydroxystearic acid into two optically 
active isoinerides see p. 228. For optically active acids in “ Rump 
Gland Wax " see Vol. II. Chap. XIV. 

Viscosity 

Since viscosimctric methods have been proposed for the examination 
of oils and fats, it will be found useful to have a record of the following 
viscosinietric constants. From the values given in the table, it is 
evident that the viscosity increases with the molecular weight.^ 


Viscosimetric Constants of Fatty Acids {Pribram and Handl) 


Fatty Acid. 

Molecular Weight. 

Specific Vi8co.sity at 

10’ C. 

80* C. 

60*0. 

Propionic. 

74 

70-3 

51*5 

49*9 

Butyric . 

88 

110*2 

77-4 

57-6 

Valeric 

102 

152-4 

103-3 

71-5 

Caproic . 

116 

•222 -2 

139-7 

97-8 


With regard to the following physical constants : specific heat, 
heat of neutralisation, latent heat of fusion and of solidification, and 
surface tension, Guillot’s ^ pamphlet and the paper given in the footnote ^ 
should be consulted. As to heats of combustion of fatty acids cp. 
Chap. V. 

^ Cp. also Tsakaloto-s, CmnpL rend., 1908 (146), 1140. 

Projrrietes Physii/nes de la fih’ie Grasse. Paris. Ballit-ve et Ills, 1895. For the 
constants of allinity see-Tidlniann ami Schlieinaiin, Liebiy's Annal. 274, 144 ; cp. also 
D. E, Tsakaloto.s, Gompt. rend., 1908 (146), 1146. 

® (jr. Massol ami A. Faucon, Compt. rend., 1909 (149) 353 ; 1911 (153), 268. 
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Salts of Fatty Acids 

Fatty acids combine readily with solutions of caustic soda and of 
caustic potash to form “ soaps.” In dilute aqueous solution the 
chemical union docs not take place in molecular proportions, so that 
free fatty acids and free alkali can co-exist to a certain extent 4see 
below, “ Hydrolysis of Soaps ”). In alcoholic solutions, however, 
combination takes place in stoichiometric proportions. The carbonates 
of the alkali metals react with fatty acids in aqueous solution at some- 
what elevated temperatures, forming salts of fatty acids with evolution 
of carbonic acid.^ 

In common parlance, wc generally understand under the term 
“ soaps ” the alkali salts of the non-volatile fatty acids, whereas the 
term “ metallic salts of the fatty acids,” denotes the salts of the heavy 
metals. I shall consider the salts of the fatty acids under the following 
two large groups : — (1) Salts of the alkali metals, including ammonia 
soaps ; (2) Salts of the alkaline earths, and of the heavy metals (cp. 
Vol. III. Chap. XV. “ Soap Manufacture ”). 

(1) Salts of the Alkali Metals, including Ammonia Soaps — 
Water-Soluble Soaps 

The normal salts of the saturated acids have the general formula 
CnHgn+iCO.OM, where M stands for Na, or K, or NH4. They are 
obtained by the direct union of fatty acids wuth sodium or potassium 
hydrate, with elimination of water. They are also formed by heating 
an aqueous solution of sodium or potassium carbonate with fatty 
acids, when carbon dioxide is evolved.^ (From a physiological point 
of view it is interesting to note that whilst palmitic, stearic, and oleic 
acids at a temperature of 37*^ C. (blood temperature) act but very 
slowly on a dilute solution of sodium carbonate, they form the respective 
sodium salts much more readily in the presence of bile secretions.) 
The salts may also be prepared by adding boiling solutions of the 
carbonate to alcoholic solutions of fatty acids, evaporating to dryness 
and exhausting the residue with alcohol. The salts deposit from the 
alcohol on cooling. If pure materials are employed, the salts can thus 
be obtained in their crystalline state. In alcoholic solution these salts 
are neutral to phenolphthalein. Besides the neutral salts there exist 
also acid salts of the formula C^HgH+iCO.OM, CnllgjiOg ; these show in 
hot alcoholic solutions an acid reaction to phenolphthalein. 

Since in commercial analysis the fatty acids are frequently estimated 
by titration with solutions of alkalis, it is important to consider in 
some detail the behaviour of fatty acids towards the indicators used in 
volumetric analysis. From the large number of indicators which have 
been proposed from time to time, I select for use in the analysis of fats, 

^ Cp, Lewkowitscb, Jahrbiich dcr Chemic, 1899, ix. 357 ; Fendler and Kuliii, Zeits. 
f. angew. Chn/u, 1909, 107. 

“ Tlio sodium salts are also obtained by allowing fatty acids to act on sodium per- 
carbonate or perborate (Wolflenstein, English patent 10,823, 1908 ; P. Beirsdorf & Co., 
French patent 392,956). 
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methylorangc and phenolphthalein, which will be found quite sufficient 
for all purposes. Tincture of litmus (the place of which has lately- 
been taken by lacmoid) still enjoys some popularity, and may be used 
in conjunction with the above-named two indicators.^ 

Methyhrange ^ dissolves in water yielding a yellow liquid, which 
turns crimson on the addition of a strong acid (appearing yellowish-red 
in deep layers) owing to the formation of a salt. The change from the 
yellow of the neutral to the red of the acid solution is especially sharp 
in very dilute solutions. Weak acids, such as carbonic acid, do not 
change the colour ; therefore, it is possible to use methylorange as an 
indicator when titrating carbonates, without it being required to drive 
off the dissolved carbon dioxide by boiling. The acid carbonates of 
the alkalis are alkaline to methylorange (difference from phenol- 
phthalcin). This indicator is specially suitable for the estimation of 
mineral acids, and offers the further advantage that it can, and indeed 
must, be used in the cold. Boric acid, however, is not affected by 
methylorange ; even concentrated aqueous solutions of the acid are 
not reddened. 

The soluble fatty acids also redden a solution of methylorange, 
but on titrating with normal alkali, the end-reaction is not sharp, and 
the red colour disappears whilst considerable quantities of free fatty 
acids are still in the solution ; therefore methylorange cannot be used 
for titrating soluble fatty acids, not even acetic acid.^ Insoluble fatty 
acids, such as stearic or oleic, do not affect this indicator at all in their 
alcoholic solutions, nor do they act on it wlien shaken in the liquid 
state with an aqueous solution of methylorange. 

It is, therefore, feasible, when using methylorange as an indicator, 
to titiate mineral acids in presence of the higher fatty acids (cp. Vol. 
III. Chaj). XV. “ Analysis of Soap ”). Methylorange offers the further 
advantage, that it can be employed in conjunction with phenolphthalein. 
Thus, in a solution of mineral and higher fatty acids, the mineral acid 
may be estimated first by using methylorange as an indicator ; then 
after adding phenolphthalein, the higher fatty acids may be titrated. 

A convenient solution of the indicator is prepared by dissolving 
1 grm. in 1000 c.c. of water. Four drops of this solution are suffi- 
cient for every 100 c.c. of the licj[uid to be titrated. 

Phenolphthalein . — This indicator is obtained commercially in sufficient 
purity. To prepare the solution required for volumetric analysis, 
1 grm. is dissolved in 100 c.c. of 95 per cent alcohol. (It is worth 
noting that phenolphthalein is insoluble in petroleum ether.) Two 
drops of this indicator will be found sufficient for every 100 c.c. of 
a solution. The alcoholic solution of phenolphthalein is yellowish. 

^ With regard to alkali-blue cp. Chap. VI. “ Sapouilicatiou Value.” 

According to Luiuje, tropajoliii 00 or 000 is often .sold as methylorange, 1 have 
occasionally met witli methylorange having such strong alkaline reaction, that four drops 
of a iV, per cent solution required O'l c.c. of normal acid for neutralisation. Methyl- 
orange should, therefore, alway.s he examined before use. 

^ Schidrowitz {Analyst, 1903, 234) showed that acetic acid can be titrated with 
methylorange as an indicator, if alcohol bo added to the solution. Cp., however, 
Richardson aud Bowen, Journ. Hoc. Chm. Ind., 1906, 836, and Schidrowitz {Analyst, 
1907, 4). 
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On adding it to an acid solution no colouration is produced, l)ut a 
pink colour appears in the presence of the smallest quantity of affixed 
alkali, owing to the formation of a salt.^ This salt is decomposed 
completely even by weak acids ; hence the insoluble fatty acids can 
be titrated in their alcoholic solutions in presence of this indicator. 
Ammonia does not give a sensitive coloim reaction with phenol- 
phthalein, and hence is unsuitable for the titration of fatty acids. 
Phenolphthalein may also be used for the titration of the soluble fatty 
acids in the same way as is litmus. Due regard should be paid to the 
sensitiveness of phenolphthalein to carbon dioxide, and to the fact 
that the acid carbonates of the alkalis do not act on phenolphthalein 
like the carbonates ; ^ it is therefore absolutely necessary to renH)ve 
any carbon dioxide by boiling. When standardising acids and alkalis 
with the aid of phenolphthalein, this possible source of error should 
especially be guarded against. 

Litmus . — Tincture of litmus may be used in the analysis of fats 
for the titration of the volatile fatty acids, mineral acids, caustic alkalis, 
carbonates, etc. The statement made by Rechenherg,^ that the salts 
formed by the union of volatile fatty acids with alkalis and alkaline 
earths — especially those of butyric acid — show in their aqueous solution 
strongly alkaline reaction, has not been confirmed in the author’s 
experience. It is quite possible to titrate butyric acid, using litmus 
as an indicator. The change is somewhat gradual, but perfectly 
distinct. 

An aqueous solution of caproic acid strongly reddens litmus ; a 
cold solution of caprylic acid reddens it faintly, whilst a hot solution 
gives a deeper red. A hot solution of capric acid no longer acts on 
litmus (Lewkowitsch). 

It may be noted that the indicators do not actually give the end 
point, but only the equilibrium point of the reaction ; but for practical 
purposes these two points lie near enough each other to enable us to 
disregard the very slight excess of acid or alkali (as the case may be) 
used. 

The alkali salts of the fatty acids are remarkable in their behaviour 
to water. 

The salts of the lowest members of the series are easily soluble 
in water. Thus the alkali salts of butyric acid are deliquescent ; 
those of capric acid are still very easily soluble in water at the ordinary 
temperature. The solubility in water decreases, however, as the 
molecular weight of the fatty acids increases ; thus the alkali salts of 
palmitic and stearic acids are no longer soluble in cold water. They 
dissolve, however, if boiled with not too large a quantity of water, 
to clear solutions, which solidify, on cooling, to mucilaginous masses 
practically representing the normal salts of the fatty acids. 

^ It may be noted that concentrated aqueous solutions of alkali give colourless salts 
of phenolphthalein ; on diluting with water, however, the pink colouration appeans. 

^ The frequently rejjeated statement, that sodium bicarbonate does not redden 
phenolphthalein in aqueous solution, is not quite correct. 

^ Joum.f, prakt. Cheviie^ 1884, 619. 
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On diluting the clear hot solutions with water they become turbid, 
and, on shaking, a lather is produced which persists for some time. 
The turbidity is due to the dissociation of the normal salt into caustic 
alkali and free fatty acid. This dissociation, termed hydrolysis of soap, 
is a very gradual one, and depends on the amount of water present 
and also on the temperature. 

The free alkali remains in solution, and the free fatty acid com- 
bining with non-hydrolysed salt separates as an acid salt, — i.e. a salt 
containing more than one equivalent of acid for one equivalent of 
alkali — presumably in association with some undissociated salt. 

Chevreul, who fii-st studied this property of alkali-metal soaps, 
found that a solution of one part of neutral potassium stearate, 
CigHggOg.K, in 20 parts of boiling water, yields, after the addition 
of 1000 parts of boiling water, on cooling, an acid salt of the com- 
position C,8H3,0,K . CigH-jgOg— hisiearate — whilst free alkali 
and an infinitesimal quantity of steaiic acid remain in solution. Simi- 
larly, neutral sodium stearate dissolved in 2000 to 3000 parts of boiling 
water yields, on cooling, an acid salt of the composition CigIl 3502 Na. 

— sodium histearate. Neutral oleate, however, re(iuires a 
very large quantity of water and a low temperatin e in order to become 
dissociated ; the difference between oleic acid on the one liand, and 
palmitic and stearic acids on the other hand, is so marked tliat an 
approximate method of separation may be based on this property. 

The potassium bistearate described above can be dissociated by 
further treatment with water into a more acid salt, presumably of the 
composition of a quadro-stcaratc. 

The amount of alkali thus set free under given conditions can be 
determined quantitatively by throwing up the soap by common salt 
(salting out the “ curd”), filtering off, washing with brine, dissolving 
the curd in absolute alcohol, and determining the acidity by titration 
with alkali, using phenolphthalein as an indicator. 

Alder Wright and Thompsoyi ^ derived from a series of observations 
the results contained in the following table. I liave arranged the 
fatty acids in the order of their molecular weights : - 


Fatty Adda. 

Mean 

Molecular 

Weight. 

Hydrolysis brought about by * Molecules of Water. 

*=150 

* = ^50 

*=600 

*=1000 

*=2000 

Crude 1 auric 

195 

3-76 

4*5 

5'4 

6*45 

7’1 

(Cotton seed oil acids . 

250 2 

2-26 

3-0 

6-0 

7-6 

9*5) 

Nearly piiiti i)almitic . 

256 

1*45 

1*9 

2-6 

3-16 

375 

(Palm-oil -tallow acids 

271 

1-1 

1-56 

2-6 

4-1 

5-3) 

Pure oleic . 

282 

1-85 

2-61 

3'8 

5-2 

6 •65 

Pure stearic 

284 

07 

1-0 

17 

2-6 

3 '55 


The numbers represent the quantities of NagO set free by hydro- 
lysis, calculated for 100 parts of NugO contained in the soap in com- 

^ Journ. Soc. Chevi. Ind., 1886, 630. 


“ This value is too low. 
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bination with fatty acid, x molecules of water being used for one of 
anhydrous soap. 

If wo look at the numbers given for lauric, palmitic, and stearic 
acids only, it would appear that the sodium salts of the fatty acids 
are decomposed with greater ease, the lower their molecular weight. 
But on the one hand the behaviour of oleic acid does not conform 
to this rule, and on the other hand Thomsen ^ has shown that sodium 
acetate is not sensibly dissociated by water. (Cp., however, p. 132.) 

Rotondi ^ explained the action of water on soap in the following 
manner : Neutral (commercial) soaps, on being dissolved in water, 
are decomposed into basic and acid salts ; the latter are insoluble in 
cold, and only slightly soluble in hot water. The acid salts not being 
dialysable, can therefore be separated from the basic salts which 
readily pass through membranes. The basic soaps are readily soluble 
in cold and hot water, and are completely precipitated by sodium 
chloride without loss of alkali ; their solutions dissolve acid soaps on 
heating, but become turbid on cooling. 

RotondTs views have been shown to be erroneous by Krafft and 
Stern ^ who, on repeating ChevreuVs experiment with pure sodium 
palmitate (2 grins.), obtained the following result : ^ — 


1 Part of Sodium Palmitate containing 8’27 per cent of Na: 

Poiled ■witli parts of 

lidded, on coolinp, salt containing 

Water : 

-Xa 


Per cent. 

200 

7-01 

300 

6-84 

400 

6-60 

4.60 

6*32 

.600 

6*04 

900 

4*20 


In order to furnish an insight into the approximate composition of 
the separated salts, the following table is given : — 


Salts of the 

Contain Na. 

formula 

per cent. 

CieHsiOaNa . 

8-27 

3CieH8i02Na+ 

()-33 


. 4-31 


. 2-20 

Similar experiments with pure sodium 

stearate gave the following 

result : — 



^ Thcrmochetnischc Untersuchimgcn, i. 372. 

Jourii. Soc, Cliem. Jnd., 1886, 601. ^ lierichte, 1891, 1747. 

According to Smits {ZeiUs. f. physik. Chem., 1903, 608) a iioruial (aqueous) 
solution of .sodium palmitate does not show signs of hydrolysis. 


[Table 
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1 Part of Smlium Btoarate containing 7'52 per cent of Xa : 

Boiled with jiarts of 
Water : 

Yielded, on cooling, salt cuntaining 
Xa 

200 

aoo 

1 

Per cent. 

I. 11. 

6-3-1 6-27 

5-81 6-71 


Sodium bistearate, CjgH 3502 Na + CjgH3g02, contains 3-89 per cent of Na*. 

From these experiments the conclusion must be drawn that hydro- 
lysis increases with the molecular weight of the fatty acids ; this is 
in dire<!t opposition to the conclusions derived from Alder Wright and 
Tho}npson’s more complete series of observations detailed above (p. 126). 

As shown already, oleic acid occupies an exceptional position as 
regards the hydrolysis of its salts. This has been confirmed by Krafft 
and iitern, who observed that pure neutral sodium oleate dissolves 
in about 10 parts of cold water to a clear solution, which does not become 
sensibly turbid even after dilution with 900 parts of water, whereas 
sodium bioloatc, CigHggOgNa -i- CigHg/lo, is immediately dissociated 
by cold water. In order to hydrolyse oleates, much larger (quantities 
of water arc rccpiired ; at the same time the temperature must be 
lowered considerably. 

The solid elaidic acid, however, simulates stearic acid in its behaviour, 
as the following observations prove : — 


1 Part of Sodium Klai 

idate cont.-iining " Sd per cent of .N'a ; 

Boiled with jiart.s of 
Water ; 

Yielded, on coolinu, salt coiituiinng 
Xu 


! per cent. 

300 

[ 5-80 

1500 

j 3 •21 


In the light of these experiments, those commercial soaps, which 
consist chiefly of jialinitate, stearate, and oleate, would yield, on 
treatment with large (quantities of water, acid qjalmitate and stearate 
as qirecipitates, whereas free alkali and oleate remain in solution. 
The solution would thus contain soap flm free alkali, a fact which 
has been taken by liotoiidi as a proof for the existence of basic soaps 
in solution. Moreover, direct experiments made with a view to pre- 
paring synthetically basic salts from oleic acid failed completely, 
and on hydrolysing pure sodium palmitate with 900 parts of water, 
not a trace of qjalmitic acid could be detected in the cold 8uq)ernatant 
solution. 

The direct qmoof for the fact that free fatty acid and free alkali 
co-exist in a dilute solution in the hot was gdven by extracting a solution 
of not completely hydrolysed normal sodium palmitate with toluene, 
when free q)almitic acid was obtained. 

The hydrolysis of soaps becomes complete, according to Krafft and 
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Wiglow} if the one of the two components of the normal salt — for 
instance, the fatty acid — is removed (by shaking out repeatedly with 
toluene). 

This statement, however, is not consistent with the fact detailed 
below, namely, that free alkali prevents liydrolysis. Theoretically, 
it must, therefore, be expected that in a soap solution an equilibrium 
would bo established between the hydrolysing tendency of water and 
the opposite tendency of free alkali to prevent hydrolysis. Hence it 
would follow that if a certain amount of water be added to a soap 
solution, a definite quantity only, but not the whole quantity of fatty 
acid, can be extracted, and that a certain amount of soap must remain 
undissociated in the solution, such soap being protected, as it were, 
from further hydrolysis by the amount of alkali set free in consequence 
of Jhe hydrolytic dissociation that had taken place so far. In order 
to verify this view by experiment,^ I pre[)ared anhydrous soaps from 
pure palmitic acid, pure stearic acid, and commercial oleic, acid (con- 
taining about 8 per cent of solid acids). Two series of experiments 
were made with one gram of each anhydrous soap ; in the one series 
the soaps were dissolved in 400 c.c. of water, and in the second series 
in 900 c.c. of water. The soap solutions were boiled under a reflux 
condenser , and then shaken out with toluene. The boiling and shaking 
out was repeated eight times ; the toluene was then evaporated and 
the free fatty acids recovered from it and weighed. The alkali in the 
soaj) solutions was determined by titration in three stages ; the solutions 
were firvst titrated in the cold, u.sing phenolpbthalein as an indicator. 
They were then boiled, and titrated after boiling, again using phcnol- 
phthalein as an indir^ator. Finally the solutions were titrated with 
methylorange as an indicator. The amounts of alkali so found are set 
out in the following table. The fatty acids recovered from the toluene 
solutions were weighed and calculated to anhydrides ; the numbers 
are given in the following table. The theoretical amounts of alkali and 
anhydrides are added for comparison. 

^ Joum. Soc. Chon. Ind., 1896, 206. ^ Cp. ibid,, 1907, 590. 
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Hydrolysis, by rneans of Water, of 1 grm. of pure Anhydrous Soap 
(Lewkowitsch) 


NaoO . 

f'rom 

Oleic Acid 
(commercial). 

Stearic Acid. 

Palmitic Acid. 

400 c.c. 
water. 
Ter 
cent. 

900C.C. 

water. 

Per 

cent. 

400 C.C. 
water. 
Per 
cent. 

900 c.c. 
water. 
Per 
cent. 

400 c.c. 
w.atcr. 
Per 
cent. 

900 c.c. 
water 
Per 
cant. 

By phcnolplithalcin, in the cold 

3-93 

2-87 

7-83 

4-32 

5-96 

4-13 

,, ,, after boiling . 

3-25 

5-9 

0*23 

3-76 

5-19 

7-03 

By methylorange .... 

3-18 

1-38 

2-2 

2-93 

0-60 

0-61 

Total Na20, found . 

10 - 3(5 

10-15 

10-26 

11-01 

11-75 

n-77 

Theory . 

10-197 

10-03 

11-15 

Fatly Anhydrides — 







Hydrolysed .... 

77-369 

75-59 

85-47 

85-014 

81-29 

82-97 

Not hydrolysed . 

9-37 

5-25 

2-71 

3-3 

1-94 

1-96 

Insoluble in water and other 

0-17 

0-84 

1-43 

0-18 

1-5 

0-29 

Total found .... 

86-709 

81-68 

89-61 

88-494 

81-73 

85-22 

Theory . 

89-803 

89-87 

88-85 


It will be seen from the above experiments that the quantity of 
soda found is slightly greater than theory requires ; this can easily 
be explained by the action of the water on the glass vessels. The 
amount of fatty anhydrides found in the case of oleic acid is much 
below theory ; this must be duo to oxidation that had taken place 
on drying the oleic acid. Although in the other two cases also the 
agreement between experiment and theory is not so satisfactory as 
might be expected (owing to the large quantity of solvent used, and 
the large number of operations through which the small quantity of 
fatty acids had to be put), still the experiments fully bear out the 
theoretical postulate that complete hydrolysis is impossible. In the 
case of palmitic acid the hydrolysis had reached a remarkably high 
degree ; this would readily explain the statements of Krafft and Wiglow, 
who worked especially with palmitic acid. 

From the foregoing notes it is apparent that oleic acid behaves 
differently from the sohd fatty acids and even from elaidic acid, with 
which it is isomeric. This difference, however, disappears if not only 
the one factor, which has been considered hitherto exclusively, viz. 
the proportion of water, be taken into account, but if due regard be 
had to the temperature. For Krafft and Wiglow ^ observed that the 
temperature at which the separation of acid salts commences always 
lies below the melting point of the corresponding fatty acid. I have 
compiled the following table from the earlier experiments of Krafft 
and Wiglow, in which a 1 per cent aqueous solution of the sodium salt 
was examined, and from some later experiments published by Krafft.^ 

^ Joutn. Soc. Cheni. Ind,, 1896, 206. BeHchte, 1899, 1598. 
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I have also corrected the melting points of the free acids where 
necessary. 


Sodium Salt of 

I. 

Temperatures of Separation from 
Aqueous Solulions, containing 
per cent : 

11. 

Tempera- 
ture of 
Separation 
from 1 per 

111. 

Melting 
Point of 

IV. 

Difference, 
III. -II. 

V. 

Melting 
Points of 
the Dry 


2.'. 

20 

Uj 

10 

cent 

Solution. 



Salts. 

Stearic acid 

•c. 

"C. 

69 

‘ I . 
68 

“C. 

63-67 

"C. 

60 

•c 

69-2 

9-2 

'C. 

about 260 

Palmitic ,, 


62-61-8 



4.5 

1 62-0 

17-0 

„ 270 

Myristie ,, 
Laurie ,, 


53-52 



31-5 

53-8 

22-3 

„ 260 

45-42 

about 36 

... 


11 

43-6 

32-6 

255-260 

Elai'die ,, 


45-5-44-8 



35 

44-0 

9-0 

225-227 

Olcie ,, 

13-6 




0 

14-0 

14-0 

232-235 

Erucic ,, 


35 34 



27 

33-6 

6-6 

230-235 

Brassidic ,, 


56 



42 

65-6 • 

23-5 

245-248 


From those numbers the following rule has been derived by Krafft : 
The temperatures of crystallisation of soaps always lie below the 
melting points of their free fatty acids, and the difference between the 
two temperatures increases as we descend in the homologous series.^ 

It will thus be seen that oleic acid falls in line with the other acids, 
and that, e.g., a hot solution of sodium palmitate behaves like a cold 
solution of sodium oleate. 

In dilute solutions the sodium salts of the higher fatty acids would 
therefore behave like crystalloids (cp. Vol, III. Chap. XV. “ Soap 
Manufacture ”). 

A. lieucMer,^ who repeated KraffCs experiments, finds, however, 
that the temperature at which crystallisation of dilute sodium palmitate 
solution begins, becomes piogressivoly higher with increasing con- 
centration. It is especially remarkable that the separation of crystals 
takes place almost completely within a small interval of temperature, 
so that the filtrate from the crystals obtained a few degrees below 
the temperature of crystallisation, does not yield an appreciable quantity 
of salt. Solutions of sodium palmitate of a concentration of Q'Od 
normality are clear in the hot and yield the first acicular crystals 
between 47°-45° C., and then crystallise completely in lengthy laminae 
at 43°-42° C. They thus form the seat of a distinct crystallisation in a 
clear medium. A normal solution becomes slightly cloudy at 45° C., 
and acicular crystals form at 42-5° C. A ready separation of the 
crystals takes place at about 40*6° C. Solutions between and 
normality are more or less opalescent at a high temperature and become 
iridescent a little below 50° C. At 40°-36° C. a somewhat rapid separa- 

^ Observations of “temperatures of cry.stallisation “ of concentrated solutions of the 
sodium salts of lauric, myristie, palmitic, stearic, oleic, elai'dic, erucic, and brassidic acids 
are recorded by L. Hoeren, Inaug. Dissert. ^ Heidelberg, 1898. The application of the 
principle underlying the above given observations to the resolution of practical problems 
has been proposed by Tortelli and Fortini, Ghem. Zeit., 1910, 890. Cp. Chap. XII. 

“ Bull. Soc. Chvtn. Bely. (Jubilee Number), 1912, 194. Cp. A. Reychler, “Con- 
tributions k riltude des Savons,” read before the Eighth International Congress. 
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tion of extremely fine crystals, not recognisable as such with the naked 
eye, takes place. Thus indistinct crystallisation in a turbid medium 
is observed. Solutions of normality arc both opalescent and 
iridescent, and crystalline granules only separate out. On raising 
the temperature of the solutions after their crystallisation any 
iridescence present disappears at temperatures slightly above 50” C. 

The sodium palmitate used for these experiments had, as the author 
calculates from the data given by Reychler, the following composition : — 

r.T Vt-ni. 

Sodium palmitate ... . 98- 0.'? 

Free palmitic acid ... 0 31 

Water ..... . 100 

The electrical conductivities of the above solutions correspond 
to the phenomena of crystallisation (see below). 


From a series of observations carried out by Krafft. and Wiyloiv ^ 
with a view to determining the molecular weight of soaps by the ebullio- 
scopic method, it appears that the sodium salts of the lower fatty acids 
raise the boiling j)oint of water by twice the normal Viilue ; this is 
explained by the assumption that each molecule is hydrolysed into 
free fatty acid and sodium hydroxide, as is indicated by the following 
ecpiation : — 

CVlaCbNa+HaO-CaHA-l NaOH. 

Solium Acetate " Acetic Acid 

The sodium salts of the higher fatty acids do not raise the boiling 
point of water ; the solutions solidify on cooling to gelatinous masses, 
and thus show the characteristic behaviour of colloids (cp. Vol. III. 
Chap. XV. “ Soap Manufacture ”). 

The observations of Krafft and Wifjlow arc reproduced in the follow- 
ing table : — 


Sodium Suits 


Parts of Salt 

of 

Fonnulii. 

ill 100 jiarts 

Acid. 


of Water. 

A<*ctio 

(’^HaOoNa 

/ 0*9 1 

t 25 *2 1 

Tropionic . 

CgHANa 

/ 3*8 t 

\ 19*8 j 

Caproic . 

CoH^OaNa 

f 3*5 1 
\ 20*6 f 

^Nonylic . 

CyTTiyOaNa 

f 3*4 \ 
■\ 20*1 / 

Laurie 

Cj2H2302Na 

/ 3*3 1 

t 16-1 f 

Palmitic . 


f 16*4 1 
\ 25*0 j 

Stearic 

C^sH^^O^Na 

/abt. 16*0 

1 27 

Oleic 

^18^^33^21^^ 

26*5 


Molecular Weight. 


Ai>parfint. 


.50 A 

51-7 
46-2 
72*8 
77*9 
144*1 
28.5*5 
474 
507 
jabout 1060 
ap[)roaching c 


ipproucliiiig oo 


Apparent Mol. W. 
Normal Mol. W. 


82 


} { 


} { 

I 222 I 

} { 

I 300 I 


304 


0*6 
0-.5 
0*6 
0-5 
0*52 
0*56 
0*8 \ 

1 '58/ 
2*13 
2*28 
about 4 
approaching w] 
about 5 
aj)proachiiig 

approaching oo| 


^ Jieridite, 1896, 1329. 
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The numbers given in the last column are, in the opinion of Krqfft 
and Wujlow, a measure of the dissociation brought about, and would 
thus show in a general way that the salts of the lowest fatty acids are 
hydrolysed in the hot, those of the higher acids even in the cold, whereas 
laurates occupy an intermediate position.^ 

In the case of acetic acid at least, it is certainly very difficult to 
agree with the views of Kmfft and Wiglow, as acetic acid can be deter- 
mined quantitatively by titration with alkalf in aqueous solutions.^ 
In the case of the higher fatty acids, which can no longer be titrated 
with quantitative results in aqueous solutions, their opinions become 
more acceptable, especially so in consideration of the experiments 
described above. 

The hydrolysis of sodium stearate might then be represented in 
the following manner — 

Ci8 H 35 O 3 . Na 1 . H + NaO H , 

expressing the fact that an equilibrium is established between free 
stearic acid, free caustic soda, and sodium stearate. 

As regards the values given in the last column for the first three 
acids, which show that the molecular weights are apparently only 
half the theoretical ones, the modei’n ionisation theory .seems to afford 
the better explanation, namely, that the salts are broken up into two 
ions, the sodium ion and the fatty acid ion.^ 

J. W. M'Bain and M. Tai/lor * derived from a study of the electrical 
conductivities of solutions of sodium palmitate the conclusion that — 
in contradistinction to the ob.servation of Krqfft and normal 

soaps in concentrated acpieous .solutions are not colloids. The ebullio- 
scopic method employed by Kraffl and Wiglaw is consideied to be 
faulty in its application to .sodium palmitate solutions on account of 
the influence which air occluded in, or absorbed by, the viscous soap 
solutions has on the measurements. A better insight into the nature 
of sodium palmitate solutions is obtained, according to M'Bam and 
Taylor,'^ by studying the electrical conductivities of .sodium ])almitate 
solutions of 0-01-1 -5 normality. These observers arrive at the con- 

^ Tlie uiiiines of fatty aci<ls represent similar phenomena inasmuch as lowtT aniines 
behave like crystalloids, whereas hij'her amines {c.ij. . NHo) <lo not raise the boiling 

point of water and beh.ave like colloids. 

“ Cp. also A. Miillcr, Allyemeine Chemie dcr Kolloide, 1907, 179. 

^ Cp. Kahlenberg and Schreiner, Zeits. /. physik. C/iem., 1898 (27), f).52. Krallt, 
Berichte, 1899, l.')84. A. Smits, Zeits. f, jdiysik. Chem., 1903 (45), 5. Krallt, Zcits.f, 
angm\ Chcvi., 1905, 857; Zeiis./, ph'nsik. C/um., 1906 (47), 5. Kahlenberg, CVim. 
Zeit., 1908, 689. A. Mayer, G. Sch.aelier, and E. F. TeiTOine, Conqjt. rnid., 1908 (146), 
484. With regard to the viscosity of atpieous solutions of sodium palmitate cp. F. I). 
Farrow, Journ. Chem.. Soc., 1912, 357. The viscosity of .so,ap solutions— obtained from a 
“ Marseilles soap,’’ i.e. a mixture of soilium, salts of .satur.ated and unsaturated fatty acids 
— is also dealt with by F. Bottazzi and C. Victorow, Ilendiconti del R. Accad. dei Lined, 
1910, xix. 1. 659. 

“* Berichte, 1910, 321 ; op. also J. W. M'Bain, E. C. V. Cornish, and R. C. Bowden, 
“ Studies of the Comstitution of Soap in Solution : Sodium Myristate and Sodium Lanrato, 
Journ. Chem. Soc., 1912, 2042. 

Zeits. f. physiol. Chem., 1911 (76), 179. Cp. F. Goldschmidt and B. Woissmauu, 
Zdls.f. laektrochem., 1912 (18), 380. 
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elusion that normal soaps, even in their most concentrated solutions, 
are not colloids but mixtures of colloidal acid sodium palmitate, formed 
hydrolytically, free sodium hydrate, and probably electrolytically 
dissociated neutral palmitate. Reychler, however, concludes from his 
above -stated observations, that soap solutions, especially those which 
are neither too dilute nor too hot, represent colloidal media.^ 

Since, according to modern views, the difference between the 
colloidal state and complete solution, i.e. the crystalloidal state, is 
only one of degree, ^ there is no dilTiculty in accepting the view that 
soap behaves under some conditions like a colloid and under other 
conditions like a crystalloid, the special condition being chiefly the 
quantity of the solvent (“ disperse phase ”) in which the soap is 
suspended or distributed (“dispersed”). Bowden^ expresses the 
opinion that the concentrated solutions may contain the acid salts in 
the colloidal state. 

Possibly the question could be decided experimentally by studying 
the osmotic pi’cssure of soap solutions of different concentrations, 
since all evidence goes to show that true solutions exhibit a definite 
osmotic pressure, whereas colloidal solutions show cither no pressure 
or only a very slight one. 

In this connection attention may be drawn to the iinportant experi- 
ments made by Kaldenherg ^ and his collaborators which prove that 
instantaneous chemical changes take place in solutions of copper 
oleatc in benzene on adding hydrochloihr acid or stannic chloride, or 
on passing hydrogen sulphide gas through the solution. It was even 
found that it is possible in such solutions to replace one metal by 
another. 

The hydrolytic action of water is retarded by the presence of free 
alkali. The following table, due to Aider Wright and Thompson, 
which should be compared with the one given above, p. 120, clearly 
illustrates this well-known fact {Practice of Soap-onaking ; cp. Vol. III. 
Chap. XV. “ Soap Manufacture ”). 


Fatty Acids. 

Excess of NarjO added 
to Solution per 100 of 
Conibineu Soap. 

Hydi-olysis brought about by 

X Molecules of Water. 

Per cent. 

x=m 

x=250 

x=2000 

Crude laiiric .... 

11-0 

IT 

1-6 

2-0 

Cotton seed oil acids 

16-0 

nil 

nil 

6-5 

Stearic and oleic (from tallow) 

20-0 

1 

nil 

nil 

nil 


^ “Contributions a I’Etude Ics Savons,” Eighth luluriiatioiiabCongress, vol. xxii. 221. 
^ The size of particles in the crystalloidal state may bo taken as falling approximately 
below Ifi/x, wliilst those representing the colloidal state would fall between Od/z and Ififi. 

^ Journ. Chem. Soc., 1911, 193 ; cp. also F. G. Donnan and A. S. White, Hid., 1911, 
1668. 

, ■ * Instantaneous chemical reactions and the theory of electrolytic dissociation, Journ. 
Phys. Ghem., 1902 (6), 1 ; cp. J, L. Sammis, Hid., 1906(10), 693. 
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Alcohol also exercises a retarding influence on the hydrolysis of 
soaps. Absolute alcohol, as also alcohol of 95 to 90 per cent, dissolve 
neutral soaps without (musing dissociation. This is proved by the 
following table, which I have collated from Krafft's ^ determinations 
of the molecular weights of normal soaps in solutions of anhydrous 
alcohol. 


Salt. 

Formula. 

Molecular Weight 
found. 

Theoretical 
Molecular Weight. 

Potassium formate 
,, acetate 

(Potassium hcptylate 

Sodium laurato . 

,, myristate 
,, palinitate 
,, oleate 

Rubidium iialinitato 
,, stearate 

Caesium palmitato 
,, stearate . 

Potassium oleate . 

CHOgK 

C 2 H.JO 2 K 

CjgH.^jQaNa 

CiJT^^OoNa 

GjoHgjO.iNa 

C,„H3jO,Rb 

CiflH^OaCs 

c„h,ak 

87-60 

93-3-96-7 

153-7-156-5 

237-2 

253 

282-6 

301-3-345-9 

339-6 

369-0 

387-9 

415-5 

347 

84-16 ' 
98-18 
168-28) 
222-3 

2.50-3 

278-4 

304-4 

340-6 

368-7 

388-2 

416-3 

320 


If water be added to an alcoholic soap solution, hydrolysis is brought 
about, in proportion to the quantity of water added. (This is easily 
demonstrated by adding a drop of phenolphthalein solution.) Kaniiz ^ 
showed that in order to prevent hydrolysis an alcoholic soap solution 
must contain at least 40 per cent of absolute alcohol. In practice it 
is safer to work witli higher concentrations.^ Soaps separate from 
their concentrated alcoholic solutions, on cooling, as a jelly-like mass, 
which, however, becomes crystalline on standing for some time. 

With regard to the solubilities in alcohol of the soaps of the individual 
fatty acids, compare the statements under the several acids in this 
chapter ^ (see below). 

Alkaline alcoholic soap solutions containing so much alcohol that 
no dissociation takes place are decomposed to a con.siderable extent 
in the cold by a current of carbon dioxide.’^ 

Amyl alcohol if present to the extent of at least 15 per cent prevents 
hydrolysis of soap solutions. 

Glycerol also causes a diminution of the amount of hydrolysis 
brought about by water. 

. The presence of salts diminishes the solubility of soaps in watei*. 
Soaps are insoluble in sufficiently concentrated solutions of common 
salt, of sodium sulphate, and of caustic alkalis. The soaps are therefore 
thrown out of their ac^ueous solutions by the addition of salt, etc. 
{Soap~maJcing ; cp. Vol. III. Chap. XV. “ Soap Manufacture ”). The 
laurates and ricinoleates are remarkable in this respect, as they require 
large quantities of salt to throw them out of their solutions. 

’ Berichte, 1899, 1.^94 ; Zeits. f. physiol. CVtm., 1906 (47). 1. 

Berichte, 1903, 400. ® Cp. HoUle, Zeits, f. Elektrochemie, 1910, 438. 

Cp. also Freundlich, ahem. Revue, 1908, 135 ; 160. 

° Fendlor and Kuhn, Zeits./. angetv. Chem., 1909, 107. 




136 


CONSTITUENTS OF FATS AND WAXES 


CHAP. 


Stiepel ^ cxanuned the behaviour of the sodium salts of eaproic, 
eaprylic, capiic, lauric, inyristic, palmitic, and stearic acids to solutions 
of common salt. Whereas sodium caproatc is not “ salted out ” from 
its solution by a saturated solution of sodium chloride, the laurate is 
insoluble in a 17 per cent, and the stearate in a 5 per cent, solution of 
sodium chloride. 

The aninities of those fatty acids, which are most frequently met 
iji natural oils and fats, to caustic soda and potash are sensibly the 
same ; hence if a mixture of caustic soda and potash be brou^i>;ht into 
contact with a quantity of fatty acids which is insiiHicient to neutralise 
the total alkali present, a mixtiii'c of soda and potash soaps results with 
an excess of caustic alkali, and the ratio between fiee caustic soda 
and potash is approximately the same as that of the combined alkalis. 
The following table, due to Alder Wright and Thompson‘S expresses 
this clearly ; in each experiment there were present for one molecule 
of fatty acid two molecules of alkali, one of caustic soda, and one of 
caustic potash : — 


Fiilty Aoitl. 

r<!rce?itagi; of 'I'oUil Fatty .Vcid 
converted into 


Soda Soap. 

rota.sh Soap. 

I’uro .sU-'iU'ic 

51*2 

48-8 

I’liro oleic ...... 

00-8 

49-2 

Crude .stearic and ol(Uc (tallow) . 

51*5 

48-5 

Crude .stearic, jialiiiitic, and oleic 
(palm oil and tallow) 

48*2 

51 *8 

Crude lauric (cocoa nut oil) 

497 

50*3 

]\Iean . 

50-3 

497 


Practically, in every case half the caustic, alkali was present as 
soap and the other half as uncombined hydroxide (cp, also Chap. II. 
p. 1)9). The experiments thus bear out the logical postulate, that 
a soda soap on treatment with as Jiiuch caustic potash as is equivalent 
to the soda present, and convcrs(9y, a potash soap treated with one 
equivalent of caustic soda, should yield a soap containing half the 
fatty acid in combination with potash and the other half combined 
with soda. 

The carbonates of soda and potash behave in a manner very difTerent 
from that of the cau,stic alkalis. Experiments carried out in a similar 
fashion to those described in the case of the caustic alkalis proved that 
the prevailing tendency is towards the formation of potash soap and 
sodium carbonate, whether potassium carbonate be intermixed with 
soda soap in j)roi)ortions c(j[uivalent to the base, or sodium carbonate 
be intermixed with potash soap ; in the latter case, even when the 
quantity of sodium carbonate was largely in excess of the amount 

^ Seifenfahrikant, 1901, 933. ■ Juurn. >SW’. Chem. hid., 188,';, 620. 
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equivalent to the potash present, only a comparatively small juoportion 
of soda soap was formed. The following table, duo to Alder Wrii^ld 
and Thompson, gives the actual numbers obtained ; - 



Soda Soap fused with 

Potash Soaps fii.sed with 


CU.tKa. 

COsN 

a... 


I’erceiitafje of Total Fatty 

Porcentape of Total 


Acids present. 

F.atty Acids present. 

Fatty Acid. 






Kcpii valent to 

Actually con- 

EquiTlllpntto 

Actually 


thn 

vermd into 

the CU.jNao 



added. 

Potash .So.!]). 

.added. 

.Soai). 

Stearic and oleic (tallow) . 

10-4 

8-0 



i> >, 

do -7 

34-4 



)) .. 

100-0 

97-9.5 

100-0 

4-3 

Stearic, pahnitic, and oleic (palm 

104-2 

99-00 

1000 

15 0 

oil ami tallow). 

57-2 

52-1 



Stearic, ])alnutic, and oleic (jtalni 





oil ami tallow) . 

108-0 

90-8 i 

177-0 

9-5 

Crude lani ic (cocoa nut oil) . 

.52 -8 

40-4 



Crude ricinoleic (castor oil) . 

114-8 

87-9 

197-0 

G-2 

f)0-0 

48-4 




100-0 

93-8 

20.5 0 

8-2 


The chlorides of the alkali-metals behave in the reverse manner, 
the prevailing tendency being towards the formation of soda soap 
and potassium chloride ; at any rate, these salts are formed in prchirence 
to potasli soap and sodium chloride when the relative masses are nearly 
ccpral. {Old melhod of making hard soap from ivood ashes ; cp. Vol. 111. 
Chap. XV. “ Soap Manufacture.’') On i-cpeatiug the same operation, 
the exchange of tlic metals may become a complete one. 

The results obtained by Alder Wright and Thompson in a series of 
experiments, where 10 molecules of KCl and 10 molecules of NaCl 
were used for 1 molecule of soap represented by one-half molecule of 
potash soap and one-half molecule of .soda .soap, are reproduced in the 
following table : — 


Fatty Acid. 

Percentage o 
contJ 

A.S Potash Soap. 

f Fatty Aei<l 
lined j 

As .Soda Soap. 

Moleeul 11 Patio 
of Soil a Si lap to 
Pot .ash Soap. 

Pure oleic .... 

38-0 

G2-0 

1-63:1 

Crude ricinoleic (from ca.stor 
oil) 

17-8 

82-2 

4-6:1 

Stearic, oleic, and rosin (from 
tallow-rosin soap) 

17-2 

82-8 

4-8:1 

Crude lauric (from cocoa nut 
oil soap) .... 

15-1 

85-9 

6-7:1 


However, by modifying the relative masses, potash soap and sodium 
chloride can be produced. The experimental proof is furnished by 
the figures of the following table, where, in the case of columns (a), 
potash soaps di.ssolved in M molecules of water were salted out by 
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N molecules of sodium chloride for 1 molecule of soap, and in the case 
of columns (6), soda soaps dissolved in M molecules of water were 
salted out by adding N molecules of potassium chloride for 1 molecule 
of soap. 


Fatty Acid. 

M 

N 

(a) Potash Soaps 
Baltod out with NaCI. 
Percentage of Fatty 
Acid in Curd a.s 

(b) Soda Soaps salted out 
with KCl. Percentiigo of 
Fatty Acid in Curd aa 

Potash 

Soap. 

Soda Soap. 

Pota.sh Soap. 

Soda Soap. 

Stearic and oleic (from tallow) 

100 

5 

10-5 

89-5 

79-1 

20-9 

Stearic, palmitic, and oleic 

200 

20 

5T 

94-9 

82-1 

17-9 

(from jialm oil and tallow) 

200 

20 

3-8 

90-2 

95-8 

4-2 

Crude laurio (from cocoa nut 







oil) 

200 

20 

5-4 

94-6 

74-8 

25-2 


Sulphates, although tending in the same direction, have a lesser 
“ salting out ” effect than sodium chloride. The greater solubility 
of sodium sulphate in water than that of chlorides explains this 
behaviour. 

The action of chlorides and sulphates explains why caustic soda 
lyes (or alkaline lyes) containing chlorides and sulphates arc less 
effective in promoting saponification than lyes free from it.^ 

The density of some solutions of sodium palmitate and sodium 
stearate at 90° C. (compared with water at 4° C.) is less than that of 
water. This is shown clearly by the following table due to E. C. V. 
Cor)nsh :^ — 


Solutions. 

Xornuilily. 

I tensity at 
■.KI74'. 

Water 


09r)53 

Sodium hydroxide . 

2-0 normal 

1 0437 

Sodium aeetate 

10 

1 0020 


10 

00()25 


0-5 

0-9038 


0-3.'> „ 

0-9024 

Sodium i)almitate . 

0-2 

0-9058 


01 

0-9054 


005 ,. 

0-9055 


001 „ 

0-9055 


0-5 

0-9599 


0-2 

0-9031 

Sodium stearate 

01 

0-9029 


0 05 „ 

0-0021 


001 

0-9039 

Sodium palmitate with an 

10 „ Na 

0-0790 

equivalent exce.s.s of sodium 

01 „ „ 

0-9054 

hydroxide ... 

002 „ „ 

0-9040 

Sodium palmitate with three 

0-8 

0-9883 

equivalents excess of sodium 

0-4 

0-97935 

hydroxide . . . ( 

0-2 „ „ 

0-9698 


’ Up. Lewkowitsch, “Modern Views on tlie Constitution ol'Hoap,” Jonrn. Soc. Ohevi. 
Ind., 1907, 590. Zeits. f. phys. Clmn,, 1911 (76), 210. • 
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The neutral soaps of tlie alkali metals are not readily soluble in 
the organic solvents (with the exception of alcohol) usually employed 
in analysis, such as ether, petroleum ether, benzene, etc. Tn the 
anhydrous state, the soaps are more soluble in ether and in benzene 
than in petroleum ether. On shaking out aqueous solutions of soaps, 
the soaps dissolve to a slight extent in ether, less so in petroleum ether. 
Acid soaps behave somewliat differently. As the solubility of soajis in 
organic solvents plays an important part in commercial analysis, these 
points will be considered fully in Chapter VI. (“ Unsaponifiable 
Matter ”). 

With regard to the behaviour of the sodium salts of the fatty 
acids on melting cp. D. Vorlaemler.^ 

Lithium Sails.-- -The following solubilities were determined by 
Partheil and Ferie : ^ - 



100 c.c. 

Wat<3r ilissolve at 

100 e.c. Alcohol 
(spec. grav. 0-797) 
dis.solve at 

1 

1 18* C. 

‘2r>^ C. 

18‘C. 

25“ C, 


Orm.s. 

Orms. 

Orms. 


Lithium lauratc . 

1 0-158 

0-170 

0-418 

0-4424 

,, myristato 

0-0235 

0-0234 

0-184 

0-22 

,, i)aliiiitato 

0-011 

0-018 

0 0796 

0-0955 

,, stearate . 

0-01 

0-012 

0-041 

0-0532 

,, oleate 

0-0074 

0-132 

0-9084 

1-009 


Ammonia Soaps 

The ammonium salts of the fatty acids are obtained by saturating 
fatty acids with ammonia. The dissociation of the ammonia soaps ^ 
in a(|ueous solutions takes place at a much increased ratio as compared 
with the alkali metal salts. Aijueous solutions lose ammonia very 
readily on warming, hence neutral ammonia soaps cannot be prepared 
on a practical scale. When an ammonia soap is allowed to stand under 
a bell jar over concentrated sulphuric acid, ammonia is lost rapidly, 
until the amount left equals one-half of tliat present in the neutral 
soap. On further standing, the acid soap so obtained usually loses 
more ammonia, but far less rapidly than does the original neutral salt. 
The acid ammonium salts of stearic and lauric acids appear under 
these conditions to be considerably less unstable than those of oleic 
and ricinoleic acids (cp. also Vol. III. Chap. XV.). 

The following table gives the solubilities of the ammonium salts of 
stearic, palmitic, and oleic acids in alcohol, ether, and acetone, as 
determined by Falciola : * — 

^ Jknehte, 1910, 3120. Arch. d. PUarm., 1903,552. 

^ Anmiouia soups are already mentioned bv Dareet in the “ Rapport ’’ to the French 
Government, 1797. Oazz. Chim., 1910 (40), 217. 
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Soluhility in. Alcohol ; Grams in 100 c.c. of Solvent 



. 

Ammoiiiinii Salt of 



Palmitic 

Stearic 

Oleic 



Acid. 

Acid. 

Acid. 


50“ 

no 

5-5 

100-0 


40“ 

4-5 

1-8 


Ab.solute Alcohol, at ' 

30“ 


0-0 



20“ 

1-4 

0-5 


1 

10“ 

0-7 

0-3 

59-0 

[ 

40“ 1 

14-84 

5-0 

.. 

75 per cent Alcohol, at "C. ' 

30“ 
20“ 1 

11-02 

4-33 

1-83 

10-80 

1 

10“ 

1-78 

0-50 

8-20 

( 

40“ i 

()-(>0 

3-21 


50 per cent Alcohol, at - 

\ 

30“ 1 
20“ ; 

5-33 

I-IO 

0-51 



1 10“ i 

1 


0-25 



Solnhility in Ether and Acetone at the ordinary temperatiire ; 
Grams in 100 c.c. of Solvent 




Ammuiiium Salt oi 



Palmitic .\cid. 

Stoari*' Acid. 

Oleic Acid. 

Ether . 

Acetone 

0-29 

0-20 at 13“ C. 

0-1 

0-08 

10-9 

4-7 


With regard to the electrical conductivity and viscosity of aru- 
moniuni soap solutions cp. F. Goldschmidt and L. Weissmann.^ 

(2) Salts of the Alkaline Earths and of the Heavy Aletals - 
W at er-in soluble Soaps 

The salts falling under this head are best prc])ared by precipitating 
aqueous or alcoholic solutions of the ammonium or alkali metal salts 
with S(dutions of metallic acetates (cp. Vol. III. Clia]). XV. “ Metallic 
Soaps ”). A systematic study of the solubilities in the usual solvents 
is still wanting ; an investigation should well repay the time required 
for it, as new methods of separating fatty acids could be elaborated. 

The salts of the lowest fatty acids are soluble in water ; they readily 
form basic salts which separate out from these solutions on boiling. 

The solubility of the salts decreases, like the solubility of the free 
acids, from butyric acid upwards, with the increase of the number of 
carbon atoms in the molecule. The numbers for the solubility of the 
calcium salts in water given in the following table demonstrate this 
clearly : — 


diem. Ind. d. KoUoide, 1913 (12), 18. 
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Calcium Salt of 

Soluble in parts of Water : 

At Temperature. 

0, 

Butyric acid . 

3-6 

14 

Valeric acid . 

4-9 

20 

Caproic acid . 

4-4 

21-22 

Caprylic acid . 

more than 160‘0 

20 

Ca])ric acid . 

large quantity of water 

100 

Laurie acid . 

about 2000 

100 


The calcium Balts of the solid fatty acids are decomposed on heatin<^ 
to 270° C. The first product of decomposition of calcium palmitate 
or steai'ate is a mixture of solid (paraffin wax) and highly viscous 
hydrocarbons ^ (cp. also below, “ Behaviour with Reagents ”). 

The barium salts (Chevreul) of the volatile acids, as also their 
m,agnesiu7)i ^ salts {Ewers) and lead salts [Ashoth ^), are to some extent 
soluble in water ; in these cases also their solubility corresponds ai)pi'oxi- 
mately to the solubility of the volatile acids themselves. The barium 
and calcium salts of the higher fatty acids arc Jiydrolysed by water 
(cp. Palmitic acid, p. IGO ; Stearic acid, p. 165). On being subjected to 
dry distillation they yield, amongst other products, ketones (see p. 150). 

Most salts of the lower fatty acids arc soluble in alcohol ; those 
of the higher acids are insoluble in this menstruum. They are soluble 
to a considerable extent in hydrocarbons (see Vol. TIL Chap. XV. 
“ Metallic Soaps ”). 

The higher fatty acids, such as stearic, palmitic, and oleic, react 
slowly with copper, lead, zinc, cadmium, with evolution of hydrogen. 
Silver acts very slowly. Aluminium, nickel, cobalt, antimony, iron, 
bismuth, tin, mercury, and platinum remain ap})arently unaffected.^ 

The lead salts of the higher saturated acids ^ are nearly insoluble 
in ether, whereas lead oleate, lead linoleate,^ lead ricinoleatc,*^ in short, 
the lead salts of the most fixupiently occurring unsaturated acids, are 
soluble. The lead salt of erucic acid is but sparingly soluble in ether ; 
the lead salt of “ iso-oleic ” (see ]). 192) acid is stated to be insoluble. 
The lead salt of ricinoleic acid is insoluble in low-boiling petroleum 
ether. 

The solubilities of the lead salts of the following fatty acids in ether 
and petroleum ether have been studied by G. B. Neaoe? 

^ Kiinklcr .ami Schwedhelin, Amjsh. SrJ/ens. ZelL, 1908, 1286; 1341. 

Magnesium oleate appears to adsorb ami carry down with it sodium oleate from 
solutions coutaiiiiiig the latter ; sodium salts of saturated fatty acids are not so adsorbed 
(II. Masters and II. L. Smith, Proc. ('hem. Soc., 1913, 76;. 

^ Cp, , however, footnote f), p. 625. 

C. B. Cates, Journ. Phy.'i. Ohem., 1911 (15), 141. 

® With regard to the lead salts of lower fatty acids cp. Colson, Compt. reml., 1903, 
675. 

Lead linoleate and lead ricinoleate denote here the .salts of the niixetl fatty acids 
from linseed and castor oils respectively. Aiuttysf, 1912, 399. 


[Table 
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100 c.c. of Solvent dissolve Orummes. 

Lead Salt of 

Meltiinc Point. 
“C. 

Ether. 

Pcti'olinim Eth(!r 
toiling from 40-00“ C. 



At 20' 0. 

At Boilini; 
Point. 

At 20' (1. 

At Boiling 
Point. 

Caproic acid 

7.3-74 


1-3640 


0-0608 

(llcptylic acid . 

90-.5-91-r) 

0-2397 

1-4900 

00200 

0-0528) 

Caprylic acid 

83-5-84-5 

0 0938 

0-.')460 

Practically 

0-0384 





insoluble 


(Nonylic acid . 

94-95 

0-1115 

0-2404 

Practieall y 

0-0450) 





insoluble 

Capric acid 

100 

0-0290 

0-4285 

Practically 

0-0170 





insoluble 


Eauric acid 

103-104 

Practically 

0-0205 

Practically 

l’ra(d.ically 



insoluble 


insoluble 

insoluble 

IMyristic acid . 

107 

Ib-actically 

0-0555 

Practically 

0-0210 



insoluble 


insoluble 


Palmitic acid ^ . 

112 

Practically 

0-0261 

Practically 

Practically 



insoluble 


insoluble 

insoluble 

8tcaric acid ' . 

125 

Practically 

Practically 

Practically 

0-0170 



in.solublc 

insoluble 

insoluble i 


Oleic acid . 

45-.')0 

Readily 

Readily 

Readily j 

Readily 


1 

1 

soluble 

soluble 

soluble 

soluble 


Silver Salts . — The following solubilities of silver salts at 20° C. 
were determined by 0. Jensen : ^ — 


Silver 

In 100 c.c. of Water. 

In 100 c.c. 1/20 Nunn. 
Silver Nitr.ate Holntioii. 


Grms. 

Urms. 

Butyrate 

0-489 

0-347 

(laprate . 

0-089 

0'02!) 

Caprylate 

0-018 

0-005 


This table would seem to show that the solubility of the salts decreases 
with the excess of added silver nitrate. 

Cadmimn Salts .^ — The cadmium salts of butyric and caproic acids 
are readily soluble in water. The cadmium salt of caprylic acid is less 
soluble and is precipitated to some extent — 11 to 13 per cent— in 
concentrations of 0-025 to 0-050 grra. of acid in 50 c.c. of water. At 
a concentration of 0-1 grin, in 50 c.c., 63 per cent of the acid is pre- 
cipitated as cadmium salt. Capric acid in the above concentrations is 
precipitated respectively to the extent of 83-6 per cent, 90-5 and 98-7 
per cent. Laurie acid is almost completely precipitated, namely, in 
the order of the above concentrations to the extent of 94-9 per cent, 
96-7 per cent, and 99-3 per cent. 

Further information will be found under the headings of the in- 
dividual acids in this chapter, in Chapter VIII., and Vol, III. Chap. 
XV. “ Metallic Soaps.” 


1 Cp. also Cliap. VIII. p. 543. 

Zeiis.f. Untera. d. Nnhrgs- u. Oemissm., 1905, x, 266. 

Paal and Amberger, Zeits.f. Unters. d. Nalirgs- u, Oemssm., 1909, xvii. 33. 
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Behaviour with Reagents 

The action of reagents on fatty acids is similar to that on their 
glycerides, excepting, of course, those chemical changes which are 
involved in hydrolysis. As the natural oils and fats contain glycerides 
of saturated acids in association with those of unsaturated fatty acids, 
the action of reagents on the mixed fatty acids as separated from the 
natural oils and fats is somewhat more complicated than in the case of 
the individual fatty acids. In the following lines an attempt will be 
made to distinguish the action which reagents have on saturated from 
that on unsaturated fatty acids ; the special reactions characteristic 
of the several series of unsaturated fatty acids (cp. p. Ill) will be con- 
sidered under the headings of these several series. 

The higher fatty acids, above lauric acid (see Chap. VITI.), can be 
freed from adhering water by drying at 100^ C. The saturated acids do 
not absorb oxygen under these conditions ; the unsaturated acids, 
however, must be dried in vacuo or in an atmosphere of an indifferent 
gas (see Chap. VIII. “ Insoluble Fatty Acids ”). 

In the case of some hydroxylated acids, sucli as ricinoleic acid, 
polymerisation products are formed. I have shown ^ that in the case 
of wool wax fatty acids dehydration takes place to a considerable 
extent at 100° C., no doubt owing to the formation of lactones. The 
formation of a lactone at the ordinary temperature may be exemplified 
by y-stearolactone, which is obtained on decomposing the potassium 
salt of y-hydroxystearic acid with mineral acids. 

When the non-volatile acids are heated to high temperatures, 
destructive distillation sets in with the formation of hydrocarbons. 
On heating the higher saturated fatty acids with sodium, magnesium, 
aluminium, iron, or fin, to a temperature of 350° C., there are formed 
carbon dioxide, hydrogen, gaseous hydrocarbons, and olefinic hydro- 
carbons having 22 to 28 carbon atoms in their molecule. Under the 
same conditions, silver and copper decompose the fatty acids to a very 
slight extent only {Hebert ^). 

On distilling stearic acid with magnesium powder at the lowest 
possible temperature, Hebert obtained stearone in admixture with 
solid and liquid hydrocarbons. T. II. Easter field and C. M. Taylor ^ 
observed that when stearic acid is heated with one-tenth of its weight 
of sifted cast-iron turnings to 280° C., evolution of carbon dioxide 
becomes noticeable, and on raising the temperature to 370° C., stearone 
is formed to the extent of 80 per cent of the theoretical yield. ^ It 
would appear that a ferrous salt is first formed, and that this then 
undergoes decomposition ; but on heating ferrous stearate to 360° C,, 
only 60 per cent of stearone was obtained. 

By heating oleic, elaidic, erucic, brassidic, cerotic, melissic, and 
mdntanic acids with finely divided iron in the same manner, oleone, 

^ Lowkowitsch, Journ. Soc. Chem. hid., 1892, 141 ; 1896, 14. 

Hubert, Bull. Soc. Ghim., 1903, 316 : Easterfield and Taylor, Journ. Chevu Soc. 
1911, 2299. 3 Journ. Chem. Soc., 1911, 2299. 

* English patent 7619, 1911 ; German patent 259,191, 
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claidone, crucicone, brassidone, cerotone, melissone, and montanone, 
respectively, were obtained. By employing aluminium or manganese in 
place of iron, 65 per cent of stearone is formed. 

In the case of the lower fatty acids, up to acids of 12 carbon atoms, 
the reaction is less complicated ; ketones, which in their turn yield 
hydrocarbons, standing in near relation to the fatty acids from which 
they are derived.^ 

Mailhe ^ studied the action of acetic, propionic, butyric, and ca})rylic 
acids on zinc dust at temperatures ranging between 300° and 350° C. 
The decomposition taking place was not of a pyrogenic nature, inasmuch 
as the products contained the same number of carbon atoms as did 
the original mateiial, or were secondary products derived from the 
products first formed ; hence no far-reaching destruction took place. 
Nickel acted very energetically, but copper exercised a much less 
pronounced action. 

Easterfield aud Taylor also observed that ketones are the chief 
products of the interaction of the vapours of tlie lower fatty acids 
(from acetic up to, and including, caprylic acid) with many reduced 
metals. 

The behaviour of unsaturated fatty acids under similar conditions 
has not Been studied hitherto systematically (cp. “Oleic Acid,” p. 186). 

The fatty acids of the saturated series arc not affected by the 
oxygen of air at tlie ordinary temperature. Mild oxidising agents 
such as hydrogen peroxide are, however, capable of oxidising all satur- 
ated fatty acids from formic acid up to, and including, steaj'ic acid 
at a somewhat low temperature to ketones (cp. p. 55). The following 
table' enumerates the ketones hitherto obtained by Dahia ^ from the 
fatty acids enumerated in the first column : — 


Acid. 

Product ofO-vidatioii. 

ri- Butyric 

Aootoiio 

w- Valeric 

Ethylnu'thylkotono 

Caproic 

Propylnuithylkctonc 

Capi'ylic 

Amylmethyikctono 

Nonylic 

1 fexylmothylketono 

C.'aprio 

He])tylmothylkctono 

Jjatirie 

! Noriylmethylketonc 

Myri.stic 

Uiidecylmethylkotono 

Palmitic 

T riclccy Im ethy 1 k e tou o 

Stearic 

i 

Quindecylraothylketonc 


The acids belonging to the linolic, linolenic, and e.specially the clup- 
anodonic series absorb oxygen from the atmosphere at the ordinary 
temperature, to form products the nature of which has not yet been 
fully investigated (cp. Chap. VITI., and Vol. III. Chap. XV. “ Oxidised 
Oils”). The acids belonging to the oleic series absorb oxygen from 
the air very slowly at the ordinary temperature, but the absorption 

^ Heliert, Bull. Soc. Chim., 1903, 316. “ Gkcm. ZuL., 1909, 242. 

® Aimr. Clieni. Journ., 1910 (44), 41. 
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becomes pronounced at a somewhat elevated temperature (cp. “ Oleic 
Acid,” p. 181) with formation of fatty acids insoluble in petroleum 
ether. I have termed these acids, pending further investigation into 
their nature, oxidised acids (cp. Chap. VIII.). 

Ozone or ozonised air is without action on saturated acids. The 
unsatiiratcd fatty acids, however, absorb ozone quantitatively much in 
the same manner as stated above (p. 59) for the unsaturated glycerides, 
i.e. they absorb for each pair of doubly-linked carbon atoms one molecule 
of ozone (see below, p. 174). Thus oleic acid yields oleic acid ozonide, 
CJ 8 H 34 O 5 , and linolenic acid yields linolenic acid ozonide of the com- 
position CigHgoOii (see p. 205). 

If ozonising be effected in a solution of hexane, normal ozonides 
' are formed ; if, however, the acids be ozonised in a chloroform solution, 
perozonides are obtained, that is to say, one further atom of oxygen 
is taken up, the latter apparently being absorbed by the COOH group, 
to form a CO 3 H group. Therefore, the perozonide of linolenic acid, 
like that of oleic, contains one oxygen atom more than the normal 
ozonide. The perozonides arc converted into normal ozonides by 
shaking with a dilute solution of sodium bicarbonate. 

On boiling with water ozonides are easily decomposed into aldehydes, 
the third oxygen atom (of the ozone molecule) forming with water 
hydrogen peroxide, which in its turn oxidises the aldehydes (as far as 
possible) to acids. This may be exemplified by the formiilfc given 
below, p. 184). 

Sulphur, — For the action of sulphur on fatty acids, cp. Chap. I. p. 61. 
According to the Chemische Fabrik. vorm. Dr. H. Bifk} fatty acids having 
more than one double bond or containing an hydroxyl group, such as 
ricinoleic acid, form a plastic mass on heating them to 155“-160° C. 

Hydrogen is without action on saturated fatty acids. The un- 
saturated fatty acids can be reduced to the corresponding saturated 
fatty acids under the same conditions, as stated above (p. 59), for 
glycerides of unsaturated fatty acids. 

Chlorine,^ bromine, iodine, and iodochlmide act much in the same 
manner on fatty acids as they do on the corresponding glycerides (see 
p. 60). It is, however, notable that tariric acid absorbs only two 
atoms of halogen. 

Coficentrated sulphuric acid dissolves saturated fatty acids with the 
formation of sulpho-compounds, which are readily dissociated, by 
boiling with water, into sulphuric acid and the original fatty acids 
[Chevreul). 

Fremy ^ was the first to put forward the view that saturated fatty 
acids form addition products with sulphuric acid. An extensive 
examination of these products was made by Hoogewerff and van Dorp,^ 
who give the following two alternative explanations for the formation 
of those compounds 


^ Gorman patent 262,193. 

For tlie preparation of monochlorinated fatty acids, by the action of sulphur 
chloride on fatty acids, see German patent 167,816 *(H. Blank). 

An7i. Phann., 1836 (20), 50. “* Rec. trav. chim. 18. 211, 1899; 21. 349, 1902. 

VOL. 1 L 
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HU 

y(OH)2 

R.C 00 H-fHoS 04 -R-C{^ 

or 

H 

I 

.O-O-SO3H. 

R.C 00 H^H 2 S 04 ^R-C( 

B. W. van Eldik Thieme ^ prepared the addition product of lauric 
acid and sulphuric acid by heating lauric acid in a solution of 98-5 per 
cent sulphuric acid and allowing to crystallise. The crystals were found 
to consist of 1 molecule of lauric acid and 11 molecules of sul])huric 
acid. This compound is soluble in cold petroleum ether. On diluting 
with more petroleum ether, however, the compound is dissociated. 

The action of sulphuric acid on unsaturated acids is more compli- 
cated, as secondary products are formed (cp. below, p. 185). 

Concentrated nitric acid oxidises all fatty acids, especially on pro- 
longed boiling, carbon dioxide and dibasic acids being formed chiefly. 
In th(‘. case of capric acid Lewkowitsch^ has .shown that with concen- 
trated nitric acid, as also with a mixture of concentrated nitric and 
sulphuric acids, carbonic and oxalic acids are obtained, aTui in the case 
of stearic acid, in addition to oxalic aci<l, sulx'ric, acid is formed. On 
prolonged boiling of myristic acid with nitric acid, specific gravity 1-3, 
the following dibasic acids are obtained : oxalic, succinic, glutaric, 
adipic, pimelic, and suberic. 

Nitro^is acid is without action on saturated acids ; with unsaturated 
acids it behaves in a manner similar to that described above ([>. 62) ; 
cp. also below, p. 173. 

Nitrogen tetroxide. — For its action on unsaturated fatty acids see 

p. 174. 

Selenious acid. — The action of selenious acid on some unsat urated 
fatty acids (as also their glycerides) has been made the subject of a 
(not yet completed) study by 8, Fokin. ^ 

Derivatives of Fattg Acids 

Anhydrides of fatty acids corresponding to the formula (R)20 arc 
obtained readily, as has been shown by Lexvkowitsch,^ in the case of 
capric, lauric;, palmitic, stearic, cerotic, and oleic acids, by heating the 
fatty acids with acetic anhydride (cp. Chap. VI. “ Acetyl Value ”). 
Later on, Albitzky prepared palmitic and stearic anhydrides by heating 
the corresponding acids with acetic anhydride under pressure at 150'^- 
160° C. 

Kassler ^ patented the preparation of anhydrides from salts of fatty 
acids by means of sulphur chloride. 

1 Jonrn.f. prakt. Chevi., 1912 {8.^>), 298. - IbUL, 1879, 17)9. 

Jovrn. Rn.s.s. /’Ay.v. (Jliem. Roc., 1913, 285. 

Proc. Chem. Sac., 1890, 91. 


•' G«niian patent 132,605, 1900. 
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The commercial production of anhydrides has been patented by 
C. A. Jensen ^ for Th. Goldschmidt^ by Goldschmidt himself, ^ and by the 
Akt. Ges. f. Anilin-FabrikationA 

For the separation of saturated fatty acids occuriin" in natural 
fats with tlie aid of their anhydrides (Gsell), see Chap. VIII. The 
following anhydrides have been obtained in a state of purity : — 


Anhydri<l(i. 

Boiling Point. 
0. 

Molting Point. 

•c. 

Solidifying Point. 

-c 

Acetic .... 

137-9 



Butyric .... 

191-193 



Valeric . . ... 

21.5 

... 


Caproic .... 

241-21.3 

... 


Caprylic .... 

280-290 



Laurie .... 


42^ 


Myiistic .... 


51-5-* 


Palmitic , 


.55-66 

50 

Stearic 


71-77 -■» 

68 

Oleic 


22-21 


Elaidio . . . . i 


49-51*5 


Linolic'* 





Antido-denvaiives. — Dy heating fatty acids in sealed tubes at 
temperatin-es ncaj' 200° C. witli ammonia, aniline,'^ toliiidine,^ and 
naphjbliyl amine, their amides, anilides, toluidides, and naplithalides are 
foi'med. Some amido derivatives thus obtained are statc^d to have 
found technical application (cp. Vol. 111. Chap. XV. “ Amides of Fatty 
Acids ”). The data collated by the author in the following table may 
therefore be found useful.^ 


Amides, Anilides, Toluidides, Naplithalides of Fattij Acids 


Ainidos — 


Mflting Point. 
' C. 


Accitic 

Kutyriu 

Valeric 

Cajiroic 

Caprylic 

Capri c 

Ijauric 

Myristic 

Palmitic 

Stearic 

Arachidic 

Behcnic 

Corotic 


82-83 

115 

1 14-110 
100 
07-98 
108 
110 
102 

100-107 
108-5-109 
108 " 

111 

109 


^ English jmteut 25,433, 1908. 

English patent 611, 1911 ; French patent 407,046, and additions. 

^ English patent 23,924, 1910. ■* Griin and Schacht, Jkrichte, 1907, 1782. 

® Albitzky, Journ. Russ. phys. cheni. Soc. 31, 477. 

® H. Schoenfeld, hunig. Dissert., Ziirieh, 1912. 

Cp. Guerin, Bull. Soc. Chim., 1903 [3], 29, 1117 ; F. W. Robertson, Journ. Chem. 
Soc., 1908, 1033. 

® As regards the action of fiirfuramide on fatty acids see Ludwig and Ilaupt, 
Zeils. f. Unters. d. Nahrgs- u. Oenussm., 1907, xiii. 605. 

Pickles and Hayworth obtained from arachidic acid (isolated from Niam Fat) an 
amide melting at 99^ C. {Analyst, 1911, 494). 
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Amides — 


Melting Toint. 

“C. 

Montanio 


109-llP 

Molissic 


116 

Oleic 


76-70 

Elaidic 


93-94 

Potroselinic 


76 

Erucic 


84 

Brassidic 


90 

Ricinoleic . 


66 

Ricinelaklie . 


91-93 

Stearolic 


78 

Anilides— 



Caprylic 


57 

Caprio 


61 

Laurie 


68 

1‘alniitie 


90 

Stearic 


94 

Cerotic 


98-6 ^ 

Montanic 


. 101-5’ 

Molissic 


. 103 1 

Stearolic 


63 

Toluididcs — 



Butyric 


74 

Valerio 


72 

Caproic 


75 

Caprylic 


67 

• Caprio 


80 

Laurie 

Myristic 


81-82 

93 

Palmitic 


66 

Stearic 


98 

Naplithalides — 



Butyric 


. 120 

Valeric 


. Ill 

Caproic 


. 112 

Caprylic 


95 

Capric 


99 

Laurie 


100 

Myristic 


. 105 

Palmitic 


105 

Stearic 


. no 

Hydroxam-derivativesoi fa tty acids are obtained by warming glycerides 

with hydroxylamine clilorohydrate.^ 

Thus stearo-hydroxamic and 


paJmito-hydroxamic acids, Cj7Hjyj.C(OH) : N.OH and C25H3 jl.C(OH) : 
N.OII, are prepared by warming stearin and palmitin respectively 
with hydroxylamine clilorohydrate. 

Esters of fatty acids, other than glyceryl esters, are prepared by 
dissolving fatty acids in methyl-, ethyl-, amyl-, etc., alcohol, then 
passing a current of hydrochloric acid gas through the solutions and 
washing the product with water (cp. also Chap. XII.). As the methyl- 
esters, especially those of the higher fatty acids, are likely to play an 
important part in the examination of natural oils and fats (see Chap. 
XIL), and as the ethylesters of the higher saturated fatty acids may 
find technical application (in the manufacture of celluloid), the author 
has collated the following table : — 

^ Th. Rigg, Trans. New Zealand InsL, 1911, 64, 270. 

^ Morelli, Atti R. Aexul. dei Lincei, 1908, 17. ii. 74. 
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Boiling Points and Melting Points of Methyl-, and Ethyl-esters of 
Fatty Acids ^ 



MothylBBter. 

Ktliyluster. 

Add. 

Boilirifr Point. 

Melting Point. 

Boiling Point. 

Molting Point. 
“U. 


“C. 

“C. 

“C. 

Acetic . 

55 


77 


Butyric . 

102-3 


119-9 


Valeric . 

127-3 


144-6 


Caproic . 

l49-{) 


165-166 
under 735 8 
nun. pre.ssure 
20/-208 


Caprylic 

192-90 

-40 to -41 

-47 to - 48 

83 under 25 
nim. pre.ssure 
223-224 
114 under 15 
nim. pressure 


243-245 



Capric . 


Laurie , 

148 under 18 

+ 5 

269 

- 10 


nun. pressure 


71 in mcuo 


Myristic 

167-168 

-fl8 

295 

- 10-5 to 


under 15 nun. 


102 in vacuo 

- 1 ] -5 


l)ressuro 




Palmitic 

196 under 15 
mm. pres.su re 

28 

122 in vacuo 


Daturic . 

30 


26-7 

Stearic . 

214-215 
under 15 mm. 

38 

139 in vacuo 

36-7 

Araoliidic 

Belienic . 

pressure 

54-5 

28 1-286 
under 100 
nun. pressure 

50 



48-49 

Lignoceric 

(Jarnaul)ic 


56-5-57 

305-310 
under 15-20 
mni. pressure 

55 


54 -.55 

49-.50 

Cerotio , 


GO 


59-60 

Montanic 


67-67-5 


67 

Melissic , 

Tiglic 

Oleic 

212-213 
under 15 nun. 

74-5 

156 

73 

Erucic . 

pressure 


above 360 


Brassidic 

Liuolic . 

207-208 
under 11 nun. 

... 

above 360 


Chau Ini oogric 

})rcssuro 

227 under 20 

22 

230 under 20 



nun. pressure 


nun. pressure 


Linolenic . .* 

207 under 14 


132-133 



nun. pressure 


in mcuo 


Riciiioleic 

225-227 

... 

227-230 



under 10 nun. 


under 10 nun. 


Dihydroxystearic . 

pres.sur 0 


pressure 


106-108 


104-106 

Japanic . 




53 

Stearolic 

204-206 

-3 

215-216 



under 20 nun. 


under 20 nuu. 



pressure 


pressure 



^ The specific gravities are given under the headings of the individual fatty acids. 
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Ketones . — The preparation of ketones from fatty acids has been 
mentioned above (p. 144). The following list of ketones may prove 
iisefid. The lower ketones were obtained by the usual method 
of preparing ketones ; the higher ketones by heating the fatty acids 
with iron filings to about 350° C. 


KetoiicH. 

Formula. 

Mt*ltiivf{ Point 
"C. 

observer. 

Caprone 

(t'sHiilaCO 

14(i 

/ Liobon and 
( Janccek ^ 

Caprylono 


40 

Guckelberger 
Grim in ^ 

Caprinone 


58 

Ijaurono 

(CnHsabCO 

69 

Kipjung ^ 

Krailt 

Myristone ^ . 

{C,3H„).,C0 

76-3 

ralmitone . 

(thsHnl/'O 

82-8 

,, 

Daturone 

(C„H33)3C0 

75-.5-76 

Gerard ‘ 

Stearono '^ . . . 


87-8 

lleintz ^ 

Cerotone 


03 

Th. Jligg "> 

Montanone . 


07-5 

„ 

Melissone 

(CaoHsgtAO 

00-5- 100 

,, 

Oleonc . 

59 

/ Easterfiold and 

( 0171133)200 

( Taylor^' 

Elaidone 

(Ci7H33)2CO 

70 

,, 

Erucicono 

, (C2dl4l)2CO 

50-60 


Brassidone , 

(CjjH., 7)300 

80 



1. — Acids op tiik Acktic 8eiites, C;,Il2n02 

Formic acid is stated to occur in Strophantus seed oil, croton oil, 
macassar oil, egg oil, dadap fat, and in butter fat. These statements 
require, however, verification. 

Acetic Acid, O 2H4O2 = CH^ . COOH 

The glyceride of this acid is stated to occur (undoubtedly as a 
mixed glyceride) in the seeds of the spindle tree, Kvonynius eurojxm, 
L. Acetic acid has also been stated to occur in butter fat, macassar 
oil, and the fat from the seeds of Brucea antidysenteriea. The properties 
of this acid need not be detailed here, inasmuch as the text-books on 
(pialitative analysis supply the necessary information. 

Butyric Acid, C 4llgO2-CH3.CH2.CH2.COOH 

Butyric acid was discovered by Cheoreid in buttei- fat, in whicli it 
is found in the form of a mixed glyceride (to the extent of about 0 per 
cent). 

1 Liebig’s Annal. 187, 134. 2 Ibid. 69, 201. 

Ibid. 157, 270. ■* Jouru. Chem. Hoc. 57, 981. 

® This ketone occurs naturally in lucerne (C. A. Jacohson, Journ. Amer. Chcni. Hoc., 
1911 (33), 2048). 

lierichte, 1882, 1713. Annal. de Chim. cl de Phys.(6), 27, TjOS. 

For the occurrence of these ketones in the distillatiou produiits of fatty acid.s, cp. 
Vol. III. Chap, XV. « Jahre.sber. d. Chetnie, 1855, 515. 

Trans. New Zealand Inst., 1911, 64, 270, 

” Jov^rn. (Jhevi. Hoc., 1911, 2299. 
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Butyric acid at the ordinary temperature is a colourless liquid ; 
the pure freshly distilled acid smells like acetic acid ; its aqueous 
solution recalls the odour of rancid butter. It crystallises at ~ 19*^ C. ; 
the crystals melt at -6*5° C. {Scheij), -7*9° C. corr. {Schneider). The 
acid boils under ordinary pressure at 162-3° C.,^ under 758 mm. pressure 
at 163°-164° C. {Scheij). 

Konowalow determined the following boiling points for butyric 
acid solutions, under 710 mm. pressure : — 


Butyric Acid. 

Water. 

Boiling Point. 

Tor c('nt. 

I’er cent. 

“C. 

74-52 

25-48 

08-44 

50-00 

50 00 

98-95 

20-5M) 

1 

71-10 1 

1 1 

99-97 


G. Ryland ^ found that a mixture of 20 per cent water and 80 per 
cent of butyric acid under a pressure of 763 mm. has the constant 
boiling point of 99°-99-5° C. ; in other words, the vapours have the 
same composition as the boiling liquid, so that a butyric acid solution 
of the above composition cannot be separated into its constituents by 
distillation. 

rf»=0'!)716; rf'*=-0-958; C.-= 0-9590; (/‘'‘J;'’" C.---0-8M1 ; «“ = 

1-39906 (.SWiey). 

Butyric acid is miscible with water, alcohol, and ether in all pro- 
portions. On adding calcium chloride or common salt to an aqueous 
solution, the acid separates in the form of oily drops. The aqueous 
solutions of biityi’ic. acid have a sour, burning taste, and show an acid 
reaction to litmus and phenolplithalein. Methylorange turns red in 
solutions of butyric acid free from butyrates (cp. p. 125). 

On distilling a dilute aqueous solution of butyric acid the whole 
of the acid passes over into the distillate with the water vapours. If 
the acid is to be recovered from a dilute solution, it is best to neutralise 
with caustic soda, concentrate by evaporation, and then acidify with 
dilute sulphuric acid before distilling. 

On warming an alcoholic solution of butyric acid with concentrated 
sulphuric acid, cthylbutyrate is formed ; thus the smallest (juantity 
of butyric acid may be recognised by the pleasant pine-apple odour of 
the ethylester. In dilute solutions butyric acid is detected by neutralis- 
ing with caustic soda, evaporating to dryness, and warming the residue 
gently with alcohol and sulphuric acid. In oils and fats butyric acid 
is rapidly detected by treating with strong alcohol and an amount of 
caustic potash insufficient to effect complete saponification. (Quali- 
tative detection of butter fat.) Chromic acid oxidises butyric acid to 
acetic acid and carbon dioxide. Alkaline permanganate oxidises it 
completely to carbonic acid and water (cp. Chapter VI. “ Glycerol ”). 

Butyric acid is prepared on a considerable scale by fermentation of 

^ With regard to a coiideii.satiou product, formed by distillation, see G. Albo, Arch, 
scien. phys.^ Geneve, 4 (12), 3B9. ^ Amer. (Them, Jouni., 1899 (22), 384. 
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cheese. It is largely used in the preparation of its ethylester (for 
flavouring), and is employed as such in tanneries ^ as a dc-liming agent. 

With the exception of the silver, mercurous, and lead salts, the 
metallic salts of butyric acid are easily soluble in water ; the salts of 
the alkalis are deliquescent. 

Calcium butyrate, Ca(C 4 H 702)2 + H 20 , is remarkable in that its 
solubility in water decreases with the increase of temperature. At 
14° C. a saturated solution contains 1 part of the salt in 3| parts of 
water. On warming to 30° C. a precipitate is obtained ; and on boiling, 
the salt separates out, redissolving almost completely on cooling. The 
calcium salt is soluble in alcohol. 

Barium butyrate, Ba(C 4 H 702)2 + 4 Il 20 . 100 parts of water dissolve 

37*5 parts of the anhydrous salt at temperatures from 0 ° to 40° C., 
and 35-9 parts from 40° to 82° C. 100 parts of absolute alcohol dissolve 
0-126 part of the anhydrous salt.^ 

Silver butyrate, AgC^H^O.^, dissolves in 200 parts of water at 14° C. 
(sec p. 152). It crystallises in needles or monoclinic prisms according 
to the concentration. 

Methylester, = 0-92006 ; boils at 102-3° C. under 760 mm. 

Ethylester, solidifies at -80° C. ; (/®4 = 0-89957 ; boils at 119-9° C. 
under 760 mm 

Isobutyric ac/id is stated by Engelhardt to occur in Japan wax (cp 
Vol. II. Chap. XIV,). This statement would appear to stand in need 
of confirmation ; iiideed Tassily ^ is of the opinion that the volatile 
fatty acid is pelargonic acid. 

Valeric Acid, CgllmOg 

Valeric acid is stated to occur as a glyceride — trivalcrin — in porpoise 
and dolphin oils, the blubber oils from Delphinus phomna and Delphinus 
glohiceps. Chevreul discovered the acid (“ phocenic acid ”) in 1817 
in dolphin oil (and in 1818 in the berries of Viburnmn opulus). The 
chemistry of the (dolphin oil) acid has not been investigated since then, 
and its occurrence in glycerides may be doubted. It is not unlikely 
that “ valeric ” acid is a mixture of butyric and caproic acids. The 
physical constants given here for “ valeric ” acid are those recorded 
for the normal acid CH 3 .CH 2 -OH 2 .CH 2 .COOH. Some justification 
for this may be found in the fact that Marie obtained normal valeric 
acid on oxidising stearic acid (see p. 165). 

The odour of “ valeric ” acid resembles that of putrid cheese. ^ 

Normal valeric acid is a colourless liquid ; it boils at 186° to 186-4° C. 
under 760 mm., at 184° to 185° C. under 736 mm. It solidifies at 
-18° to - 20 °C.^; d0 = 0-9577; iZ20-0-9415. It dissolves at 16° C. 
in 27 volumes of water ; from this solution it is thrown up by calcium 
chloride. 

^ T. Salomon, CoUejiiim, 3912, 284. 

^ Cp, Wilcox, Proc. Cfiem. Si>c„ 1895, 202. ® Les APdieres Grasses, 1911, 2285. 

* Massol [Journ. Hoc. Chem. lad., 1895, 828 ; Bull. Hoc. Chini. 13, 758) gives 
-68-5°a 
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Methyiester, 0-9097. Boiling point 127*3° C. 

Ethylester^ = 0-894 ; at 20° C. =0-8765. Boiling point 144-6° C. 

Caproio Actd,i C6Hi202 = CH3.CH2.CH2.CH2.CH2.C00H 

Caproic acid occurs, undoubtedly as a mixed glyceride, in butter fat 
(in wliicli it was discovered by Chevreul in 1818), and in cocoa nut and 
palm nut oils. The acid is no longer miscible with water, although it 
is to some extent soluble in it ; 100 c.c. dissolve 0-882 grm. at 15° C. 
It melts at -8° C. (Scheij) and boils at 202°-203° C. at 770 mm. 
pressure, C. =0-924 ; = 14163b {Scheij). Its odour is like 

that of sweat. 

Ammonium caproate, (NH4)CgHjj02 {Wiirtz; Falciola^). 

Calcium caproate crystallises with 1 molecule of water in lamijiae 
([^6 ^ii^ 2]2^^ + ^2^) 5 parts of water dissolve 4-4 parts of the 
anhydrous salt at 21°-22° C. Barium caproate crystallises with 2 
molecules of water [(CgHjj02)2Ba + 2H20] ; 100 parts of water dissolve 
11-1 parts of the anhydrous salt at 10-5° 0. Zinc caproate is precipitated 
as a crystalline powder of the composition (CgH2i02)2Zn + llgO on 
pouring caproic acid into a zinc acetate solution. (DifFerenc-e from 
butyric and valeric acids.) 100 parts of water dissolve 1-03 parts of 
the anhydrous salt at 34-5° C. 

Copper caproate ^ when dried in air forms a fine blue powder ; on 
being heated from 110° to 120° C. it suddenly turns gi-een and remains 
green on cooling. Metallic lead easily precipitates metallic copper 
from a solution of copper caproate in pyridine. 

Methyiester, # = 0-9309. Boiling point 149-6° C. under 760 mm. ; 
52°-53° C. iinder 15 mm. {Haller and Youssoujian '*). 

Ethylester, # = 0-8890; d^ = 0 8732; #‘> = 0-8594. Boiling point 
165*5°-166° C. under 735-8 mm. 

Caprylic Acrn, CgHig02 = CIl3.(CH2)6.C00H 

Capiylic acid occurs in butter fat {Lerch in 1844), and notably in 
cocoa nut and palm nut oils. This acid is just as characteristic of 
these two oils as is butyric acid of butter fat, and is best prepared 
from cocoa nut oil by fractionating its methylesters (Guerin). The 
acid is liquid at the ordinary temperature, and crystallises on cooling 
at 12° C. in laminae melting at 16-5° C. ; it boils at 236°-237° C. under 
761 mm., and at 123-5°-124-3° 0. under 10 mm. d =0-9270 at 0° C. ; 

= 0-9100; = 1-42825. One part dissolves in 400 parts of 

boiling water ; on cooling, the dissolved acid separates out almost 
completely. 100 c.c. of water at 15° C. hold in solution 0-079 grm. 
The acid has an intense odour of sweat. 

^ This acid is frequently described as isobutylacetic acid (op. also Berichie, 1907, 
2648). 

^ Oaz.~. chimica, 1910, ii. 435, 

* Kahlenberg, Joarn. phys. Client., 1902 (6), 6 ; cp. also C. B. Gates, Jourti. phys. 
Chem., 1911 (16), 101. ■* Compt. rend., 1906 (143), 803. 
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Ammonium caprylate, (NH 4 )C 8 Hj 502 , melts between 70° and 85° C,, 
and crystallises from benzene, on cooling. It is sparingly soluble 
in ether, carbon bisulphide, and carbon tetrachloride; very easily 
soluble in methyl alcohol, ethyl alcohol, and chloroform {Falciola ^). 

Barium caprylale, Ba(C 8 Hj 502 ) 2 , cjystallises in laraime ; 100 parts 
of water dissolve O' 6 19 parts at 20° C. 

Lead caprylale, (C^HjsOglgPb, crystallises from alcohol in laminio 
melting at 83'5°-84'5° C. 

Copper caprylale, Cii(C 8 Hj 502 ) 2 , crystallises from alcohol in green 
laminae melting at 261°-266° C. 

Biher salt, see p. 152. 

Methylesler, # = 0*8942 ; #^ = 0-887 ; solidifies at -40° to -41° C. ; 
boils at 192°-194° C. under 760 mm., 95° C. under 25 mm. {Guerin), 
83° C. under 15 mm. (Haller and Youssoujian). 

Ethylesler, # = 0*8842; = 0-8730; solidifying point, -47° 0. to 

- 48° C. ; boiling point, 207°-208° C. 


Capiuc Acid, CjoIIgoOg^-CHg. (CH2)8.C00n 

Capric acid occurs in the milk fats of the cow (Chevreul) and the 
goat (Lerch), in the fat from Lindera Benzoin, in cocoa nut oil (Goryey “}, 
palm nut oil, and in coffee beriy oil. According to Pawlenko ® elm 
seed oil (see Vol. II. Chap. XIV.) fatty acids consist to the extent of 
50 per cent of capric acid. In wool yolk it occurs as a potassium salt. 

Capric acid crystallises in line needles, melting at 31'3°-31'4° C. 
(KrafflA), and boiling at 268°-270° C. under 760 mm. (Grbnm 'C, 199-5°- 
200° C. under 1(X) mm., 153°-154° C. under 13 mm. (Sclmij ) ; #’^ = 0-930 ; 
4- = 0-8858; < = 1*42855. 

The acid is almost insoluble in cold water ; one part dissolves in 
about 1000 parts of boiling water. The acid has a goat-like smell, 
which becomes more distinct at its melting point. 

The alkali caprates are easily soluble in watei-. Barium caprate 
is nearly insoluble in cold water, very s[)aringly soluble in boiling 
water, from which it crystallises in lamirnc. It is easily soluble in 
boiling alcohol. 

Methylesler, boils at 223°-224° C, under 760 mm., and at 114° C. 
under 15 mm. ; it solidifies at - 18° C. 

Elhylesfer, specific gravity 0*862 ; boding point 243°-245° C. 

Lauric Acid, 

Laurie acid is found in considerable quantities in kusu oil, tangkallak 
fat,*' dika fat,® and laurel oil.'^ Cocoa nut oil,® palm nut oil, pichurim 

' (7<izz. chimim, 1910, ii. 435. “ Lirhiy's Anualen, 1858 (G6), 290. 

Chem. Rc,\, 1912 (43). •* Berichte, 1882, 096 ; 1883, 1716. 

Lieldy’s Anmlen, 1870 (157), 264. 

** Oudernans, Ji/iirn. /. Cheui., 1860 [1], 81, 356 ; Lewkowilscli, Analyst, 

1905, 394. 

7 Mansson, Lkhig's Annulm, 1842(41), 329; Krafft, Berichlc, 1879 (12), 1665. 

^ GOrgey, Liebig's Annalen, 1848 (66), 303 ; Omlenian.'i, Journ. /, prakt. Chem., 
1860 (81), 375 ; Oueriu, Bull. Boc. Chim., 1903, 29 [3], 1117. 
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beans, 1 the fat from Lindera Benzoin,^ sliea butter, and spermaceti (?) ^ 
also contain notable proportions of laurin. Kusu oil consists for the 
most part of the triglyceride of lauric acid. The fatty acid occurring 
in the nuts of the Californian bay tree, Umhellularia calif ornica, formerly 
described as umbellulic^ acid, is true lauric acid. The acid is best 
prepared * from laurin obtained by recrystallising tangkallak fat from 
ether and saponifying that glyceride, or from cocoa nut oil by preparing 
the methylesters of its mixed fatty acids and fractionating them.® 

At the ordinary temperature the acid is solid ; it crystallises from 
alcohol in needles melting at 43-6° C. Lauric acid is the first ac id of 
the acetic series that cannot be distilled at ordinary pressure without 
undergoing (slight) decomposition. It boils at 225*^ C. under 100 mm., 
176° C. under 15 mm., 102° C. in vacuo. d:~ C. - 0-883, d-J’ C. =0-875, 
C. = 0-8642; C. - O-S-OS ; <“ = 1'42665 {Scheij}, »i™ = l-4236 
{Parfheil and Ferie). 

Lauric- acid is slightly soluble in large quantities of boiling water ; 
on distilling its aqueous solution it passes over to an appreciable extent 
with the vapours. It has been repeatedly pointed out that lauric acid 
occupies an intermediate position between the soluble and the insoluble 
fatty acids. The laurates of the alkali metals differ from the corre- 
sponding salts of the higher fatty acids in that they rcfpiire large 
quantities of salt for “ salting out.” {Cocoa nut soaps, niarine soaps, 
see Vol. III. Chap. XV.) 

Anwioninm laurate, NH4C^2H2302, melts at 75° 0. It is insoluble 
in cold water, forming therewith a foam, whilst very fine crystals 
separate. Absolute alcohol at 7° C. dissolves 4-8 per cent. It dissolves 
in methyl alcohol and crystallises from cold benzene; it is slightly soluble 
in ether and acetone {Fakiola'^). 

The solubilities in water and alcohol of a number of metallic salts 
of lauric acid, due to Oudemans, are given in the following table 

^ SthaiiKir, Liebig's Anna!., 1845 (58), 390. 

“ Cas])ari, Aincr, C/iem, Jouni., 1902 (27), 291. 

^ Heiiitz, Jnuni.f. prakt, Vhem., 1855 (06), 1.3. 

■* Stilliiiann and O’Neill, Jouni. ISoc. Cheui. hid., 1883, 124. C|». socoml edition of 

tills work, p. 44. 

^ Cp. also Krad't, lierirfite, 1879, 1665. 

« Guerin, Bu/i. .Soc. Chim., 1903 [3], 29, 1117. 

^ (jtazz. chivi., 1910, ii. 435. 


[Table 
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Salt. 

I’oiumlii. 

1000 Parts of Water 
dissolve 

1000 Parts of Alcohol 
di.ssolve 

At the Boiling 
Point. 

At 15“ C. 

At the Boiling 
Point. 

At 16“ C. 

Maguesiuiii laurate 

MgAa 4-31120 

0-411 

0-230 

126-0 

15-25 

Calcium laurate . 

CaA2 -f- H 2 O 

0-517 

0-039 

22-02 

0-719 

Strontium laurate . 

8^2 + 1100 

0-360 

0-272 

3-59 

9-598 

Barium laurate , 

BaAg 

0-698 

0-054 

1-009 

0-187 

Zinc laurate . 

ZnA .2 + ILO(?) 

0-189 

0-103 

8-78 

0-134 

Lead laurate 

bi>a.2 

0-011 


2-35 

0-047 

Manganese laurato 

MnA2 + xir20 

0-401 

0-011 

3-82 

0-481 

Cobalt laurate 

C 0 A 2 + H 2 O 

0-376 

0-072 

18-01 

0-174 

Nickel laurate 

NiA 2 -bH .,0 or 
3H^O 

0-390 

0-197 

6-68 

0-640 

Copper laurate ^ . 

CuA.2 

0-029 

0-023 

6-53 

0-775 

Silver laurate 

AgA 

0-105 

0-001 

0-284 

0-323, 

Lithium laurate^ . 

LiA 

Cp. 

p. 139. 




Methylester , boils at 141° C. under 15 mm, {Haller and Youssoujian ) ; 
148° C. under 18 mm. pressure {Guerin) ; melting point, + 5° C. 

Ethylester, d}^ \ solidifying point, - 10° C. {Gorgey) ; boils 
at 269° C, under 760 mm, {Delffs ^) ; in vacuo at 79° C. if the vapours 
have to rise 25 mm., and 101° C. if the vapours have to rise 65 mm.‘* 

Ficocp:rylic Acid, Ci3H2g02^ 

Ficocerylic acid is the acid constituent of gondang wax ; it melts 
at 57° C, The number of carbon atoms being uneven, a fresh examination 
of this acid would seem to be desirable ; all the more so as a normal 
tridecylic acid® prepared from synthetical tridecylic alcohol melts 
at 40° C. 


Myristic Acid, 

This acid occurs in considerable quantities in all fats belonging 
to the “ Myristica Group” (see Vol. II. Chap. XIV.), and was first 
discovered by Playfair in nutmeg butter.^ Indeed, the acid may be 
considered as characteristic of all those fats that are enumerated 
in Vol. II. under this natural group. From “ Virola fat ” ® the tri- 

1 'J’he solubility of this s.alt i» a number of solvents has been determined by C. B. 
Gates, Journ. phys. (Jhem., 1911 (15), 101, 

Partheil and Ferie, Arch. d. Pharvi., 1903, 64.5. 

^ Liehiij's Annal. 92, 278, 

KralFt, Ikrichte, 1903, 4340; cp, also Rechenberg, Journ. f.prakt. Chem,, 1909, 
(80), 475, and Kraflt, Journ. f. prald. Clmn., 1909 (80), 242. 

® Gresliotf and Sack, Rcc. d. trav. chim. Pays- lias, 1901, 65. 

Blau, Monatsh, f. Chern. 26, 89. 

^ Liefdy's AnnaL, 1841 (37), 152 ; cj). also Kralft, Bcrichte, 1879 (12), 1669. 

® Thoms and Maiuiich, lier. d. d. pluirm, Ges., 1901, 264. 
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glyceride of the acid can be easily isolated, and “ Ochoco fat ” ^ (Vol. 11. 
Chap. XIV.) has been shown by the author ^ to consist of practically 
pure myristin. The two last-named fats would therefore furnish the 
best raw material for the preparation of myristic acid. To a smaller 
extent m 3 U’istic acid is found in dika fat,® cocoa nut and palm nut oils, 
lard, linseed oil, canari oil,^ quince oil, cod liver oil, sedge oil, arachis oil, 
butter fat, and the fat of cochineal.® It is also stated to occur as cetyl 
myristate in spermaceti and, in combination with unknown alcohols, 
in wool wax.® In very small quantities (0-04 per cent) it has also been 
found in the gall of oxen."^ 

Myristic acid crystallises in laminso melting at 53-8° C., and boiling 
at 250-5° C. under 100 mm., at 196-5° C. under 15 rnm., and at 121°- 
122° C. in vacuo. C. = 0-8622 ; C. = 0-8584 ; <" = 1-43075, 

<;■' = 1-4248. 

The acid is completely insoluble in water ; when boiled with water 
at the pressure of 760 mm., about 7-7 per cent of the acid is carried 
over with the water vapour ; under a pressure of 38 mm. in a current 
of superheated steam at 168-5° C., the distillate contains 65-7 per cent 
of myristic acid. It dissolves with difliculty in cold alcohol and ether. 

Afunionium myristate^ NH4Cj^H.2702, melts between 75° and 90° C. 
It is sparingly soluble in cold acetone, but easily soluble in warm 
acetone. It is very sparingly soluble in cold as also in warm carbon 
bisulphide. It dissolves in warm benzene, and chloroform ; it is slightly 
soluble in methyl alcohol, more soluble in ethyl alcohol, especially at a 
somewhat elevated temperature {Falciola ®). 

Lithium myristate^ crystallises from alcohol in the form of small 
white scales. 100 c.c. of water dissolve at 18° C. 0-0235 grin., and 
at 25° C. 0-0234 grin, of the salt. 100 c.c. of alcohol of the specific 
gravity 0-797 dissolve at 18° C. 0-184 grin., and at 25° C. 0-22 grm. 

Lead myristate is more readily soluble in ether than are the palmitate 
and stearate. 

Barimn myristate forms a crystalline powder, very sparingly soluble 
in water and alcohol. 

Methylester, boils at 167°-168° C. under 15 mm. ; and at 295° C. 
under 751 mm. ; melting point, 18° C. {Haller and Youssotifian)}^ 

Ethylester, boils at 295° C. under ordinary pressure, and iit vacuo 
at 102° or 124° C., according as to whether the vapours have to rise 
25 mm. or 65 mm. ; solidifies at 10-5°-ll-5° C. Sparingly soluble in 
alcohol and ether, more readily soluble in petroleum ether. 

IsocETic Acid, 

The glyceride of this acid was stated by Bouis to occur in ciircas 

^ Uricoecliea, Liebig's Annal., 1854 (91), 369 ; Keiiner and Will, Heriehte, 188f> (18), 
2011 ; Ndrdlinger, ibid., 1885 (18), 2617. " Lewkowitseli, Anolgst, 1908, 313. 

“ Ouduinans, Joum. f. prnkt. Chem., 1860 (81), 356 ; 1866 (99), 409. 

■* See Vol. II. Chap. XIV. “Canari Oil.” liicbormann, Jien'rhte, 1885, 1982. 

® Darmstaedter and LifscHiitz, ibid., 1896 (29), 618 ; 1898 (31), 97. 

’ Lassar-Cohn, ibid., 1892 (25), 1829. “ O'azz. chivi., 1910, ii. 435. 

® Partheil and Feric, Arch. d. Pharm., 1903, 545. 

Cp. also Bull, Bcrichte., 1906, 3572. Kraflt, ibid., 1903, 4340. 
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oil (Vol. II. Chap. XIV.). The acid crystallises in laminae, having 
the melting point 55° C. In view of the uneven number of carbon 
atoms its existence is doubtful. 

OJcada ^ states that he obtained isocctic acid from Japan fish oil. 
In his opinion the isocetic acid differs from an acid of the same melting 
point as isolated from a mixture of palmitic and stearic acids, by its 
crystalline form. This statement stands greatly in need of confirmation. 

Palmitic Acan, Cigll^f^ 

Palmitic acid ocimrs in most vegetable and animal fats, notably 
in large quantities in })alm oil, from which it was fii-st isolated in a pure 
state, in Chinese vegetable tallow,-^ Japan wax,'* and myrtle wax.^ 
It occurs also in spermaceti ® as cetyl palmitate, in beeswax ^ as myricyl 
palmitate, and in opium wax as ceryl palmitate. 

The artificial preparation of palmitic acid from oleic acid by melting 
the latter with caustic alkali seemed at one time to be important from 
a commercial ® point of view. The reaction is generally .stated to take 
plac^e according to the following equation : — 

t'i8H3A + 2K()ll -KCV.H;,i() 2 -i-Kail 30 ^ HI,, 

but it should be noted that, besides considerable (juantit-ies of acetic 
acid, Varrenimp/} found, as a byq)roduct, oxalic acid in small (piantities, 
whereas Edmed ^ states that oxalic acid is formed to a gj-eater extent 
than acetic acid, the latter being obtained in extremely small (jiiantities. 
Petro.sclinic acid also (see below, p. 193) yields palmitic and acetic acids 
by the same reaction. 

Pure palmitic acid forms tufts of finely crystallised needles ; the 
melted acid solidifies on cooling to a nacreous, .scaly, crystalline mass. 
The acid is free from smell or taste, and melts at 62-62° C. The solidify- 
ing point of a carefully purified .sp(!cimen is giv(m by de Visner as 
62-618° C. It boils between 339° and 356° C. with sliglit decomposition ; 
it distils unchanged under a pre.s.sure of 100 mm. at 271-5° 0., under 
15 mm. at 215° C., and in vacuo at 138°-139° C. C. ^0-8527 ; 
(r;|'-a=0’8'll2; = 1-4284, w'5;' = 1-42633, )(';?= l-4324 {Rullan). 

Palmitic acid is not readily soluble in cold alcolml ; 100 c.c. of 
(methylated) alcohol of the specific gravity 0-8183 (containing 94-4 per 
cent of ethyl alcohol by volume), after having been kejit at 0° C. for 
the number of hours stated in the following table, held the following 
quantities in solution {Hehner and Mitchell **) : — 

* Chem. Zeit., 1908, 1199. Fremy, Licbiij's Annul., 1840 (36), 44. 

^ Maskelyiie, Jovni.f. pmkt. Chem., 18.^)5 (65), 287- 

^ Stharaer, Liebuf.s A nnaL, 1842 (43), 33.5 ; Krattt, JiericMc, 1888 (21), 2265 ; Hell 
and Jordanow, ibid., 1891 (24), 938. 

® Chittenden ami Smith, Amer. Chem. Joiirn., 1884 (6), 217. 

” Heintz, Journ. f. ptrakl. Chem., 1855 (66), 19. 

7 Brodie, LieUg's Annul, 1849 (71), 151 ; Nuf/.ger, i8id., 1884 (224), 251. 

Lewkowitsch, Jinirn. Site. Ch^m. Jnd., 1897, 390. 

Jinirn. Chem, Soe., 1898, 633. 

Re.c. d. Iran. chim. Pays-lias, 1898, 182 ; 316. 


Analyst, 1896, 323. 
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Hours. 


Onus. 

12 


1-298-1 -320 

36 


1-244 

60 


1-211 

84 


1-134 

108 


1-086 

132 


1-044 

156 


1-028 

Kreiss and Haf ner} 

however, found that 100 ( 

^c. of alcohol, containing 


95 per cent by volume, retain in solution at 0° C. 0*56 grin. only. 

The solubility of palmitic acid in alcohol of various strengt hs and at 
different temperatures has been ascertained by Falciola ^ as follows :■ — 


Grtns. in 100 c.c. 



40' C. 

30’ C. 

.. 

-.’0 c. 

10' C. 

Absoluto Alcohol . 

31-9 


9-2 

1 2-8 

75 p('r cent Alcohol 

3-59 1 

M9 

0-43 

1 

50 })er cent Alcohol 

0-31 1 


0-09 

; o-or. 


100 parts of absolute alcohol dissolve, at 19-5" C., 9-32 iinrts only. 

R. F. Rnttan ^ ascertained the following solubilities in absolute 
alcohol : — 


100 (irnis. of Alisoliitn .\lcohol dissolve 


!lt C. 
0 
5 

to 

15 

20 

25 

28 

30 


1-45 

20 

40 

0-5 

1 )<) 

10-8 

20-0 

810 


In boiling alcohol palmitic acid dissolves very readily ; therefore 
alcohol is conveniently used for purifying the acid. Petroleum ether 
does not dissolve it very readily. 

Palmitic acid dissolves in concentrated sulphuric acid ; on diluting 
this solution with water, palmitic acid separates unchanged. Boiling 
concentrated nitric acid attacks it very slowly. On o.xidation in 
alkaline solution with potassium permanganate, acetk^, butyric, caproic, 
oxalic, succinic, and adipic acids, as also acids having the composition 
C5H9O3 and CJ9H32O4 are formed. Concentrated solutions of per- 


^ Ilerichte, 1903, 2769. “ (^‘nzz. clihn., 1910 (40), 217. 

■* Ekthth International Congress of Applied Chemistry, vol. 25, p. 341. 
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manganate yield lower members of the fatty acid series than do dilute 
solutions. 

The metallic salts of palmitic acid resemble closely those of stearic 
acid (see p. 165), but they are somewhat more soluble. The behaviour 
of with water has been described above (p.l27). 100 c.c. 

of 95 per cent alcohol dissolve 1‘136 grms. of potassium palmitate at 
22° C. {Geitel and v. d. Wa^if, ^). Lithium palmitate ^ crystallises from 
hot alcohol in small white shining scales. 100 c.c. of water dissolve at 
18° C. 0-011 grm., and at 25° C. 0-018 grm. 100 c.c. of alcohol of the 
specific gravity 0-797 dissolve at 18° C. 0-0796 grm., and at 25° C. 
0-0955 grm. The solubilities of the ammonium salt in alcoliol, ether, 
and acetone have been given above (p. 140). Silver 2 Mlmitate can 
be obtained in a crystalline form by adding an alcoholic solution 
of silver nitrate to an alcoholic solution of ammonium palmitate ; 
silver palmitate separates from the solution in the shape of small, 
lustrous laminae. Lead ptalmitate is almost insoluble in absolute ether 
and petroleum ether ; 50 c.c. of the former dissolve 0-0092 grm. of the 
lead salt (cp. p. 142). 

Copper ^mlmitate forms a fine blue powder, melting above 100° C. 
without (apparent) decomposition. On boiling a toluene solution of 
this palmitate for two hours with lead, Copper is precipitated.® 

The solubilities in absolute alcohol of other palmitates are given in 
the following table : — 


100 Tarts of Absolute Alcohol dissolvo 

Cakinni palmitate 

Barium palmitate 

Magne.siiim palmitate 

Lead palmitate 

Lead palmitate, frc.shly precipitated . . . j 

at 20’ C. 
0-010-3 ])arts 
0-0035 ,, 

0-0146 „ 

at 19’ C. 

0-0007 „ 

at 21’ C. 
0-0033 „ 

at boiling point. 

0-0128 parts 
0-0197 ,, 


The quantitative determination of palmitic acid in palmitates is 
effected by decomposing their solutions with hydrochloric acid, washing 
the separated acid with water, dissolving it in (absolute alcohol or) 
ether, evaporating the solution to dryness, and finally drying in a 
desiccator over sulphuric acid. The acid cannot be determined with 
accuracy by weighing its calcium or barium salt (cp. p. 141). 

Methylester, boils at 196° C. under 15 mm. pressure {Haller and 
Youssoufian) ; melting point 28° C. {Berthelot). 

Ethylester^ boiling point in vacuo : 122° or 138° C., according as to 
whether the vapours have to rise 25 mm. or 65 mm. {Krafft^} ; under 
10 mm. pressure the ester boils at 184-5°-185-5° C. without decomposition 
{Holzmann ®) ; melting point 24-2° C. {Heintz). 

^ For the use of potassium ]);ilmitate in water analysis, cp. Blacher, Griinberp, and 
Kissa, Chew. Zdt., 1913, 56. ^ Partlieil and Ferio, Arch, d. JUiann., 1903, 545. 

^ Cp. Kahleiiberg, Journ. phys. Chtm., 1902 (6), 6 ; C. B. Gates, ibid., 1911 (15), 
101. '* Berkhte, 1903, 4340. 

Arch. d. Pharm. 236, 440. 
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Daturic Acid, C 17H34O2 

In the older literature on fatty acids “ margaric acid ” of the 
formula 017113402 was described and considered to represent a (ihemical 
individual. (The term “ margarine ” given to butter substitutes has 
been derived from “margaric” acid.) however, found that 

“ margaric ” acid represented that mixture of palmitic and stearic 
acids which has been described above as a eutectic mixture. 

An acid of the formula 047113402 which he found in Datura oil 
was described by Gerard^ as daturic acid. Ilolde^ also claimed to 
have found this acid. Later on, however, he showed ^ that this daturic 
acid represented a mixture of several acids. The same was thought 
to hold good of a heptadecyclic acid, which Nordlin^jer ^ stated to occur, 
to the extent of 1 per cent, amongst the solid fatty acids of palm oil. 
This acid melted at 57^ 0. and boiled between 223^^ and 225° 0. under 
a pressure of 15 mm. ; its magnesium salt crystallised in microscopic; 
needles, melting at 135°- 140° C. Holde claimed that this acid is a 
mixture of several solid acids, from which an acid of the melting point 
of 68°-68'5° and molecular weight 288 was isolated. Kreis and Hafner ® 
stated to have found a heptadecylic acid in lard. Bonier,'^ however, 
proved that lard contains no heptadecylic acid. 

A heptadec}' lie acid of the formula C17H34O2 was prepared synthetic- 
ally by Krafft, and the name “ margaric acid ” was assigned to it. 
This acid melts at 59-3° C. and boils under a pressure of 100 mm. at 
227° C.« 

This synthetical margaric acid was considered, in the light of the 
above-stated investigations to differ from the acid described by Gerard^ 
until H. Meyer and A. Eckert ® claimed to have found in coffeelxury oil 
one to one and a half per cent of an acid having the formula C17H34O2, 
and melting at 57° C., the magnesium salt of which melted at 137°- 
142° C. and the methylester at 30° C. 

Decently Meyer and Beer isolated, from datura oil itself, a hepta- 
decylic acid which they found to be identical with KraffCs synthetical 
margaric acid. Therefore the existence of daturic acid must be taken 
as proved. 

Daturic acid melts at 69-5° C. ; it dissolves more easily in alcohol 
than palmitic acid. The melting point of mixtures of palmitic and 
daturic acids has been given above. It would appear from the table 
given there, that the earlier observers had to deal with mixtures of 
daturic and palmitic acids. In order to prove the identity of daturic 
acid with synthetical margaric acid, Meyer and Beer examined the 

^ Journ.f. 2 )rakt. Cherti., 1855 (00), 1 ; Poggeitd. AnnaL, 1852 (87), 658. 

® Com.pt. rend., 1890 (111), 305; AnnaL de Chim. et de Phys., 1892 (H), 27, 549. 

Mitt. d. Kimiijl. Techn. VemKhsanst., 1902, 60. 

* Berichte, 1905 (38), 1247. 

® anyew. Chan., 1892, 110. « Benchte, 1903, 2770 ; 1905, 1251. 

Zeits. f. Unters. d. Nahrys- u. Genussm., 1913 (23), 642. 

® Cp. also Le Sumr, Journ. Chan. Soc., 1904, 827 ; 1905, 1891. 

« Mom.tsh.f. Ghevi., 1910 (31), 1238. 

Kainerl. Akad. d. Wissenschyften, Wien, January, 1912. 
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melting points of mixtures of synthetical margaric acid and palmitic 
acid. Their observations are reproduced in the following table : — 


Margaric Acid. 

Palmitic Acid. 

Melting pdiiit. 

Per (‘.cut. 

Per cent. 

“C. 

too 

0 

50-5 

83-7 

H)-.3 

65 -56 

720 

28-0 

54-5-56 

o:m 

I 360 

54-6-55r) 

500 

i .50-0 

56 -.57-5 

30-8 

! 69-2 

58-5-.50-5 

200 

, 80-0 

50-5-60 

0 

1 100 

62 


It will be seen that this table is practically identical wit h the one 
given above. 

Burner and Limprich ^ recently ])repared synthetical heptadecylic 
acid by Krafft's method, and found it to agree fully, in all its y)r()[)erties, 
with the datiiric acid ami tlu^ syntlietical margaric acid de.scribed above. 
100 c.c. of absolute alcohol dissolve at (f l l!) grins., and at 1.5° C. 
3-48 grins. 

A margaric acid ” was also yirepared from cetyl iodide, using 
GrignanVs reaction (cp. Vol. TIT. p. 1) by R. F. RiiUan} This margaric 
is identical with the above-described margaric acid, for it melted at 
5!h9°-(,;o° C. and solidified at 58*8° C. ; iP-0-8.'532 ; 1-4342. 

Boiling point, under 100 mm. yiressure 227° C. 100 grins, of absolute 
alcohol dissolve at 0° 0. 1-.53 grins., at .5-4.° C. 2-42 grins., at 10° C. 4-12 
grins., at 1.5° C. (>'72 grins., at 21° C. 13-4 grins., and at 28° C. 32-14 grins. 

Anunoniiim. margarate crystallises in light hiathery transparent 
crosses. 

Silrer niargarate is obtained from the ammonium salt by precipita- 
tion (in the dai‘k) with silver nitrate in the form of fine white, striated 
prisms. 

The valciam, barium, magnesium, and lead- salts are insoluble in 
water and undergo partial hydrolysis. 

Zinc margarate crystallises from boiling benzene in microscopic 
spheres and melts at 126-G° C. 

Mell/glesler, melts at .30° 0. 

Efhgiesler, melts at 26-7° C. {Bihner and Limprich) ; 27*5° C. 
{Rultan). 

Stkauic Acud,® CjgllagOg 

Stearic acid occurs abundantly in many vegetable and animal fats, 
especially in the hard ones, such as cacao butter, shea butter, and 
tallow. In smaller quantities stearic acid is found in some waxes, 
such as wool wax, and most likely in spermaceti. The higher the melting 
point of a fat the higher is, as a rule, the proportion of stearic acid it 

^ Zf'Us. f. Unlt'rs. d. JS'ahrys- n. (icmisam., Ill] 2 (2-]), 

Kiflhth intcrnoUnnal Couijresti of Applied Chemistry, vol. 2.'), p. 341. 

■' existence of !iu i.sonw.rio .stearic acid — isostearic acid {(hIIj,) 2 Cl](CII.j)n- 
(JlL/'HCILjCUOH — has hecti coiijectiired by Kunz-Krau.se and Massuto. 
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contains. Stearic acid can be obtained synthetically by the reduction 
of unsaturated acids containing an open chain of 18 carbon atoms (oleic, 
linolic, linolenic, clupanodonic, also stearolic) by means of hydrogen 
in the presence of a suitable catalyst, such as nickel or palladium. 
(With regard to chaulmoogric acid, see p. 205.) 

Pure stearic acid forms white, nacreous laminje melting at 60-32° C. 
to a perfectly colourless liquid which, on cooling, solidifies at 69-3° C. 
to a crystalline translucent mass. This melting point has been ascer- 
tained by de Yisser for a very carefully purified specimen of acid (cp. 
p. 116 and p. 119). (Saytzeff gives the melting point 7r-71-5° C. ; 
Fritzweiler, wlio prepared ])ure stearic acid from cacao butter oleodi- 
stearin, 70° C.) The acid boils under ordinary pressure at about 
360° C. with slight decomposition ; under a partial vacuum it distils, 
however, unchanged (Cheirreul). Under 100 mm. pressure it boils at 
291° C., under 15 mm. at 232° C., and in vacuo at 154-5°-155-5° 0.^ 
The acid may also be distilled in a current of superheated steam without 
undei-going destruction. 

0.^0-84-51 ; 0.^-0-8386. At 11° 0. the specific gravity of 

stearic acid equals that of water ; at somewhat higher temperatures it 
floats on water, as it expands moj’e quickly than the latter. = 
1-43003, <*=1-4322 {Ruttan). 

Lik(i palmitic acid stearic, acid has neither smell nor taste ; it is 
greasy to the touch, and pi*oduces a grease-spot on paper. It is in- 
soluble in water Tn hot alcohol it dissolves easily ; it is less soluble 
in absolute alcohol than ]ialmiti(; acid, one part of stearic acid I’cijuiring 
40 parts of alcohol. 1(X) c.c. of alcohol (methylated), of specific gravity 
0-8183 (containing 94-4 per cent of alcohol by volume), were stated 
by llehner and Mitchell^ to dissolve at 0° C. 0-155 to 0-158 grin, 
after twelve houi's’ standing, and 0-145 to 0-153 grm. after thirty-six 
hours’ standing. These numbers have been found to be too high by 
Kreis and Hafner, as also by Emerson.^ Kreis and Hafner state that 
100 c.c. of 95 per cent alcohol .dissolve 0-1249 gram at 0° C. The 
numbers obtained by Emerson* and set out in the following table, are 
in good agreement with Kreis and Hafner' s observations : — 


Suluhility of Slearic Acid in Alcohol 


Specific Gravity of 
Alcohol at 0“ C. 

A]>proxiinate 
StreiiKlh or Alcohol 
by Volume. 

Amount of Stearic 
Acid dissolved in 

100 c.c. at 0” C. 


Per cent. 

Grin. 

0 -82650 

95-7 

0-1216 

0-82715 

95-5 

0-1223 

0-82871 

95-1 

0-1139 

0-83126 

91-5 

0-1035 

0-83 183 

91-3 

0-0996 


^ K. Fischer mid C. Harrie.s, Ikrichte, 1902, 2162, ascertained the boiling pbint 
158°-160'' under 0-25 mm. pressure (temperature of bath 190° C.). 

^ Anali/st, 1890, 323. -‘ Journ. Amcr. Chan. Soc., 1907, 1751. 

'* Chevi., Uevue, 1905, 108. 
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The discrepancies are explained as being due to supersaturation, 
which, according to Emerson, does not take place if in the preparation 
of saturated solutions no less than 0-7 grm. for 100 c.c. of alcohol, or 
0-5 for 50 c.c. of alcohol, are used. 

The autlior is able in some measure to confirm these observations, 
for a solution of stearic acid prepared with 3 grins, per litre of alcohol 
of specific gravity 0-818 at 15-5° C. contained per 100 c.c. at 0° C. 
0-0814 grm. of stearic acid, whereas when 7 grms, of stearic acid were 
used the solution was found to contain (in several preparations) 0-099, 
0-1008, 0-1082, 0-0856, 0-0810, 0-0882 grm. per 100 c.c. of alcohol at 
0° C. The solutions were allowed to stand in ice water over night, and 
after shaking in the morning remained in ice water for another half an 
hour before filtering. In one experiment, where the solution stood 
for three hours after shaking, 100 c.c. contained 0-0882 grm. 

The solubility of stearic acid in alcohol of various strengths and at 
different temperatures has been ascertained by Fahiola ^ as follows : — 

Grms. in 100 c.c. 


Absolute Alcohol . 

: 40 ’ V. 

' ' ■ 1 1 

13-8 ' 

8D"(.', 

4-5 

llD'C. 

2-0 

j ID'C. 

1 

0-9 

75 j)cr cent Alcoliol 

0-77 : 

0-39 


015 

50 ]H!r cent Alcohol 

0-12 

0-10 

0-08 



R. F. Rattan'^ ascertained the following solubilities in absolute 
alcohol ; — 


IDO Grins, of Absolute .Mcoliol rlissolv(> 


t '■ c. i 

Ornis. 

1 

0-37 1 

5 

0-51 1 

10 

M ! 

15 

1-0 ' 

20 

2-5 I 

25 

4-9 

28 

0-0 

30 

20-0 


Stearic acid dissolves easily in ether ; at 23° C. 1 pai t of benzene 
dissolves 0-22 part and 1 part of carbon bisulphide dissolves 0-3 })art 
of the acid. Petroleum ether of specific gravity 0-672 dissolves at 
0° C. only 0-4 per cent of stearic acid (Charitschhoff). 

On oxidising stearic acid with potassium permanganate Carette 
obtained dibasic acids (succinic, adipic). Marie ^ found amongst the 

1 G’azz. chivi., 1910 (40), 217. 

Eighth Inter mtio7ial (Jo)igresn of Applied Ghtniislry, voi. 25, p. 341. 

Journ, S(K. Cfiem. Rid., 1896, 362. 
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products of oxidation normal valeric acid (not isovaleric acid, contrary 
to previous statements ^). By oxidation with iiydrogen peroxide 
Dakin obtained quindeeylmethylketone (cp. p. 144). 

On heating stearic acid with one-tenth of its weight of sifted cast- 
iron turnings to 280^ C. stearone is formed (see p. 150). 

Potassium stearate, KC^gH^Og, forms crystals having a greasy 
lustre ; they dissolve in 6'G parts of boiling alcohol. On diluting the 
hot aqueous solution with a large proportion of water, pearly lamina' 
of an acid stearate, KCjgHggOg • ^18^^3602, separate. The salt is insoluble 
in ether, petroleum ether, carbon bisulphide, and chloroform. (Differ- 
ence from potassium oleatc.) 

Sodium stearate, NaCigH3502, resembles closely the potassium salt. 
In the crystalline state it forms lustrous lamina;. The acid salt has 
the formula NaCi3H3g02.0jgH3g02. 

LithiiDu stearate,^ crystallises from alcohol in small 

white scales. 100 c.c. of water dissolve at 18*^ C. 0-01 grin,, and at 
25"^ C. 0-012 grm. 100 (;.c. of alcohol of the specific gravity 0-797 
dissolve at 18*^ C. 0-041 grm., and at 25° C. 0-0532 grm. 

Ammonium, stearate, (NH4)CjgIl3502, loses part of its ammonia on 
being warmed in aqueous solution, and is converted into the acad salt. 
The same change takes place when the ammonia soaj) is allowed to 
stand in a desiccator over concentrated sulphuric acid. The solubilities 
of the ammonium salt in alcohol, ether, and acetone have been given 
above (p. 140). 

Calcium, strontium, and barium, stearates form crystalline precipitates, 
practically insoluble in alcohol. The magnesium salt crystallises in 
microsco])ical lamime ; it is nearly insoluble in cold alcohol, but 
sulHciently soluble in boiling alcohol to allow it to be crystallised from 
this menstruum. 

Silver, copper, and lead stearates ai'e amorphous. 

The lead salt melts at 115°-116° C. without undergoing decom- 
position. It is very sparingly soluble in ether (difference from oleic 
acid), and less still in petroleum ether {Twitchell) (see above p. 141). 
50 c.c. of absolute ether dissolve 0-0074 grm. of lead stearate {Lidoff). 
In hot benzene lead stearate dissolves, but separates almost completely 
on cooling to 8°-12° C. In absolute alcohol it is very sparingly soluble ; 
it is, however, more soluble in this menstruum than is lead palmitate 
(Salkowski). 

The insoluble salts of stearic acid are to some extent hydrolysed 
on washing with water. Thus barium stearate gives up to the water 
barium oxide, and free stearic acid (which can bo extracted with 
alcohol) remains behind with the undissociated residue. This should 
be noted with regard to the quantitative determination of stearic acid 
(also of palmitic and oleic acids), as it has been proposed repeatedly 
to estimate stearic acid by weighing its calcium or barium salt. 

^ Thu statement made by Fleurent [Journ. Soc. C%em, hid.., 1898, 852), that stearic 
acid heated in thin layers at 120“ C, with free admission of air is converted into an inter- 
mediate liquid form (in the cold) before deQnitely assuming the form of linoxyn, requires 
contirniatiou, 

^ Vavtheil and Feric, Arch. d. Pharm., 1903, 545. 
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Chittenden and Smith have shown that for accurate estimations the 
salts cannot be employed.^ As pointed out above for palmitic acid, 
the free acid must be separated and weighed as such. 

Methylester, boiling point, 214—215'^ C. ; melting point, 38° C. 
Dreymann proposes to use this ester as a substitute for cacao butter 
and spermaceti, and also as a basis for ointments. 

Ethylester, boils in imcito at 139° or 154° C., according to whether 
the vapours have to rise 25 mm. or G5 mm.; ^ it melts at 36-7° C. 

Amylester, crystalli.ses from hot alcohol in niicroscopic white plates, 
melting at 21° C. 

Di-iodostearic acid, obtained by digesting ricinolcic acid with phos- 
phorous iodide and hydriodic acid (see p. 218), is an oily viscous liquid. 
{ChonowsJcy ^). 

By treating this di-iodostearic acid with alcoholic potash an un- 
saturated acid is obtained which is isomeric with linolic acid. It 
differs from linolic acid in that it does not yield on oxidation with 
permanganate a tetrahydroxystearic acid, but resinous masses from 
which only azela'ic acid could be isolated. With regard to the action 
of zinc oxide on di-iodostearic acid, the oj'iginal must be consulted. 

With regard to the commercial preparation of stearic acid and its 
uses,^ see Vol. III. Chap. XV. 


Araciiidic Acid, 

Arachidic acid (discovered by Gossmann^) occurs in notable 
quantities in arachis oil,® in rambiitan tallow (the fat from the seeds 
of Nephelimn lappaceum, L.'^), in smaller (juantitics in rape oil,^ cacao 
butter,^ macassar oil,^® elderberry oil, mix vomica fat, Niam fat, and 
butter fat. It also occurs in the fat of dermoid cysts. It lias l)een 
obtained synthetically from a fatty acid occurring in giapis seed oil 
(erucic acid ?) by heating with melted caustic potash. 

Arachidic acid crystallises in small, lustrous scales, melting at 
77° C. {Baczewski^'^). The acid is sparingly soluble in cold alcohol, 
but dissolves easily in boiling ah.'ohol ; if the boiling is prolonged, a 
small amount is converted into ethyl arachidate ; therefore, to avoid 

* Cp, also PHiiger, Arch.f. Physiol., 19(J2 (89), 211 ; Ffiidk-r and Frank, Zeits. f. 
angew. Chom., 1909, 256. 

^ Krali't, Berichte, 1903, 4340 ; cp. also Erdmann and Bedford, Berichie, 1909, 1327. 

3 Berichte, 1909, 3342. 

■* ** For the u.so of stearic acid in the separation of rare eartli.s, .see C. W. Stoddurt and 
C. W. Hill, Journ. Amer. Ohm. Boc., 1911 (33), 1076. 

* Heintz {PoggendorJ’s Antiakn, 90, 146) described thi.s acid as “ Butinsiuire ” 
(butinic acid). 

** Gnssniann, Liebig's Anna!., 18.54 (89), 1 ; Schweizcr, Arch.d. Pharvi,, 1884 (222), 
757 ; Kreiling, Berichte., 1888 (21), 880. 

" Ponzio, Journ. f. yrakt. Ohm., 1893 (48), 487. 

« See Vol. IJ. Chn]). XIV. “ Ra])e Oil.” » Traub, Berichte, 1883 (16), 1103. 

Thnnnnel and Kw.asnik, .Irc/i. der Pharm., 1891 (229), 188. 

'' The .statement made by Pickard and Yate.s {Proc. Ohem. Soc., 1903 (19), 147), that 
arachidic acid is obtained by the oxidation of cholesterol, must l)e rejected. Cp. Windaus, 
Arch. d. Pharvi., 1908, 117 ; cp. also /oMni. (Jhem. Soc., 1908, 1680. 

Monatsh.f. (Jhem., 1896(17), 630. 

This behaviour has not been observed in the case of palmitic and stearic acids. 
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complications, the acid should only be boiled until it has just passed 
into solution. 100 parts of 90 per cent alcohol dissolve at IS*^ C. 
0-022 parts, and at 20'^ C. 0-045 parts of arachidic acid. Arachidic acid 
dissolves readily in ether, chloroform, petroleum ether, and benzene. 

The potassium salt of arachidic acid can be ol)tained from its alcoholic 
solution in crystals. The copper salt crystallises from alcohol in needles, 
the silver salt in prisms. 

Methjjlcster, melting point 54-5° C. 

Elhylester, boiling point 284'^-286° C. under 100 mm. ])r-ossiire ; 
melting point, 50“ C. 


llEiiENJC Acid, C22H44O2 

Belienic acid occurs in ben (behen) oil from the seeds of Morivya 
oleijcra} It has also been found in the fat from dadap seeds, “ and in 
the oil contained in Calabar beans.-* It melts at 80“-82“ C., solidifies 
at 79“-76“ C.,'* and boils under 60 mm. pressure at 306“ C. Byntlietu-al 
behenic acid from erucic acid ^ melts at 83“-84“ C., and solidifies at 
79-77“ C. 

liehenic acid crystallises in needles ; it is less soluble in alcohol 
than in ether. 100 parts of alcohol dissolve at 17“ C. 0-102 grm., and 
100 parts of ether at 16“ C. 0*1922 grm. With regard to chh)ro- and 
bromo-derivatives of behenh; acid, see D. WarmhninnS^ 

Ethylester, melting point 48“-49“ C. {Voelcker). 

Lionoceric Acid, C 24 H 43 O 2 

Lignoceric acid has been shown by Kreiliuy'^ to occur in arachis oil, 
in association with arachidic acid. Lignoceric acid melts at 80-5 ' C. ; the 
melted acid solidifies on cooling to a mass showing radiated structure ; 
on cooling it becomes brittle. The acid crystallises from alcohol in 
white flocks of silky lustre ; these become scaly and show nacreous 
lustre when pressed between filter pajier. Lignoceri(i at-id is very 
sparingly soluble in cold alcohol, but dissolves readily in benzene, ether, 
and carbon bisulphide. 

Lead liynocerale, insoluble in ether, sparingly soluble in absolute 
alcohol, but easily soluble in boiling benzene, melts at 117“ C. 

Copper liynocerate is very sparingly soluble in absolute alcohol and 
ether, but dissolves in hot benzene. 

Methylester, melting point 56-5“-57“ C. ; is stated to distil without 
undergoing decomposition. 

Ethylester, melting point 55° C. ; distils without undergoing de- 
composition at 305°-310° 0. under a pressure of 15-20 mm. 

^ Voelcker, Annul., 1818 (84), 812. With regard to its occurrence in rape 

oil (Rcimer and Will, lierichte, 1887 (20), 2389), cp. Vol. II. Chap. XIV. “Rape Oil.” 

N. II. Coheij, C/ieinisch Weekhlad, 1909, No. 41. 

» Sal way, Journ. C/iem. Soc., 1911, 2148. 

•* Jown.f. prakt. Ohem., 1894 (49), 61. 

Talajizcir, ibid., 1895, (50); 71-73 ; cp. also de Wilde and Reychler, Bull. Boc. 
Chim., 1889, 1, 296 ; Stohmaun and Langheiu, Jnum. f. prakt. Chon., 1890 (42), 328 ; 
Fileti find Ponzio, Uuzz. Chim. 23, 392 ; 27, 298. 

® inavg. Dissert., 1903, Kimigsberg. ’ Kreiliiig, Bcrichle, 1888 (21), 880. 
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Carnaubic Acid, C 24H48O2 

This isomeride of iignoceric acid, stated to occur as an ester (com- 
bined with higher alcohols ^), in carnauba wax, wool wax,^ and coffee 
wax,^ probably represents a mixture of several acids.^ (Carnaubic 
acid is also stated to occur in “ carnabon,” a phosphatide isolated from 
the kidney {E. K. Dunham and G. A. Jacobson).^ The author’s doubt 
as to its individuality is all the more justified as a “ carnaiibyl alcohol ” 
(from which carnaubic acid is stated to have been obtained by oxidation 
with cliromic acid in glacial acetic acid solution) has been shown to 
consist of a mixture of raelissyl alcohol and a hydrocarbon.® The 
following statements must therefore be accepted with reserve. The 
acid is sparingly soluble in cold methyl alcohol, but easily soluble in 
cold ben/ene, in boiling alcohol, ether, acetone, petroleum ether, and 
glacial acetic acid. It melts at 72*5° C. (Stiircke), 74° C. {Meyer and 
Eckert), and solidifies at 6!)°-G7° C. 

The ammonium salt is stated to be insoluble in cold water and 
alcohol, but soluble in the hot. The potassium salt is said to be sparingly 
soluble in water and in cold alcohol, and to dissolve more easily at 
higher temperatures. The lithium salt forms a wliite microcrystalline 
powder, melting at 215°-216° C. It is very sparingly soluble in water 
and in alcohol, even in the hot. The lead salt melts at C. ; 

it is soluble in toluene. 

Methylester, melting point 54°-55° C. 

Ethjlestcr, melting point 49°-5()° C. 

PlSANGCEJlYLIC AciD, ^24^^48^2 

This isomeride of Iignoceric acid is stated to occur as an ester of 
pisangceryl alcohol in pisang wax. Its melting point is given as 71° C. 
The existence of this acid would seem to require confirmation. 

IIyasnic Acid, 02511501^2 (•) 

The glyceride of this acid has been stated”^ to occur in the anal 
glandular pouches of the striped hya;na. The acid, which is stated 
to melt at 77°*78° C., is probably a mixture of several fatty acids. 
The calcium salt is stated to represent a crystalline powder, melting at 
85°-90° C. 

Cerotic Acid, CggllggOg 

Cerotic acid ® occurs in the free state in beeswax {Brodie), in carnauba 
wax {Berard ®), and in montan wax It has been shown to be present 

^ Htiircke, Liebiif's Annal, 223, 306. 

Jnnrn. Soc. Chem. Ind., 1896, 460 ; lienchte, 29, 618 ; 2892 ; 31, 97. 

3 II. Meyer and A. Eckert, Afomtsh. /. Chem., 1910 (31), 1233. 

* Ridimann, Zentralb. f. Physiol., 1905, 317. 

Znts. phys. Chem., 1910 (64), 302. 

** Matthes and Sander, Arch. d. Pharm., 1907 (246), 169. 

’ O.'triii.s, Liebig's Annal., 1864 (129), 168, 

^ T)ic acid wa.s di.scovered by John, wlio named it “ derin.” 

» Zeils.f. Chem., 1868, 415. 

Th. Rigg, Transact. New Zealand Inst., 1911 (64), 270. 
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in insect (Chinese) wax,^ opium wax and in wool wax,® in combination 
with ceryl alcohol, as ceryl cerotate. As a glyceride it is stated to 
occur in the fatty oil from Asjmliumfilix mas,^ as also from other ferns.® 

Crude cerotic acid is obtained by exhausting beeswax with boiling 
alcohol. It is a wax-like mass, melting between 78° and 82° C. On 
cooling it separates from its alcoholic solution (in thin, straight or 
curved needles) so completely in the course of a few hours, that the 
addition of water to the filtrate produces only a milky turbidity but 
no precipitate. (Essential difference from palmitic and stearic acids.) 
Marie ® states that the crystals deposited from alcohol vary according 
to the purity of the acid, but in the opinion of H. Meyer and A. Eckert 
the conclusions are vitiated by the employment of alcohol for re- 
crystallisation. Pure cerotic acid crystallises from alcohol in stellate, 
microscopic needles, melting at 77-8° C. (corr,), from benzene in dense 
laminae, and from ether in tabular masses consisting of large aggregated 
needles. (If the acid contains neutral substances, the crystals deposited 
from alcohol form a gelatinous mass consisting of microscopic needles, 
and containing a large proportion of (dcohol ; if the impurity is rnelissic 
acid, short granular crystals separate.) In opinion a cerotic 

acid which crystallises in needles must still be considered as impure, 
the criterion of purity being crystallisation in pearly scales (nacreous 
crystalline plates). C. "0-8350. 

On boiling with sodium carbonate or dilute aqueous ( austic soda, 
the acid does not pass into solution ; it dissolves, however, in boiling 
alcoholic potash. On cooling, the potassium cerotate thus formed 
solidifies to a mucilaginous mass (Barfoed). 

Cerotic acid can be estimated volumetrically in its alcoholic solution 
by titration with caustic potash, ]>hcnolphthalein being the indicator. 
By using this method ® for the determination of the molecular weight 
(Chap. VIII.), the uncertainty which attached for a long time to the 
composition of. cerotic acid has been definitely removed in favour of 
the formula C 2 gH 5202 . 

Scfuilfejeff'’^ had thrown some doubts on the existence of an acid of 
the composition of cerotic acid ; these doubts were, however, removed 
by Nafzger}^ by Zatzek,^^ and by MarieP" Yet the ultimate composition 
of cerotic acid was not established with certainty by these chemists, 
as the elementary analyses of cerotic acid and its esters agreed with 
either of the formulse C 26 H 52 O 2 , or C25H5o02.^® No definite information 
can be gained from ultimate analysis as the differences in the percentage 
compositions approximate closely to the errors of the analytical method 
itself, as a glance at the following table will show : — 


^ Brodie, Liebig's Annal., 1848 (67), 199. 

“ Buisiue, Bull. Soc. Chivu, 1884 (42), 201 
* Katz, Arch. d. Phariw., 1898 (236), 660. 

® Blasdale, Joum. Amer. Chem. Soc., 1903 (25), 1151. 

** Ann. de Chim. et dc Phys., 1896 (7), 145. 

" Th. Rigg, Transact. New Zecdawl Inst., 1911 (64), 270. 
® Lewkowitsch, Proc. Chem. Soc., 1890, 92. 

Liebig's Annual. 224, 266. 

Joum. Soc. Chem. Ind., 1894, 1207 ; 1896, 599. 


0. Hesse, BeHchle, 1870 (3), 637. 


9 Berichle, 9, 278, 1688, 
Berichte, 15, 2625. 

13 Ibid., 1896, 362. 
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c 

n 

0 


Cor t'pJit. 

Tor c-ent. 

Pit neiit. 


79-02 

13-17 

7-81 


78-80 

13-12 

8-08 

^i!jUf>nD2 

78-63 

! 13-09 

8-38 


hi the case of the neutralisation values of the three acids, however, 
the (litferences are larger than the errors inherent to the method,^ as 
the following table shows : — 



Molecular Weii'lit. 

Nouti-iilLsation Value. 

adh.Oo . 

410 

136-8 


396 

141-7 

• • • j 

382 

146-8 


Since Lewhowitsvli^ ascertained the neutralisation value of pure 
cerotic acid fi'om beeswax to be 142-1, and Heiirique.s,^ later on, that 
of cerotic acid from Chinese wax to bo 141-4, the formula C 2 BHr^ 2^^2 
must be accepted as repj'cseuting tlie true composition of cerotic acid. 

Sodium and potamum cerotates are easily soluble in boiling watei-. 

Mcujnesium cerotate melts at ]74"-17(i° 0. A one per cent solution 
of pure c^crotic acid in boiling alcohol gives no precipitate with mag- 
nesium acetate ; after cooling to 5(C C. th(5 salt sepai-ates out. How- 
ever, if the cerotic acid contain melissic acid, an immediate precijiitate 
is obtained. 

Lead cerotate is insoluble in water, alcohol, and ether. It dissolves 
in hot benzene and crystallises fi'oin this solution in needles melting at 
112-5"-]13-5'^ C. 

Methylester melts at 6(C C. {Na/zfjer), 02“ C. {Marie) ; the ester 
distils in vacuo without undergoing decomposition. In the cold it is 
sparingly soluble in petroleum ether, methyl, and ethyl alcohol, but 
easily soluble in the hot. It is also easily soluble in ether, benzene 
and chloroform,^ 

Ethylester, crystallises from alcohol in fine needles melting at 59“-60“ 
0. ; 58-5°-59° C. {Riyg). The ester distils in vacuo without undergoing 
decomposition ; under a pressure of 14 mrn. at 2813“ C. {Riyg) ; by 
distillation under atmospheric pressure it is broken up into ceroth.; acid, 
ethylene, carbonic dioxide, a hydrocarbon C 2 (.H 54 , and the ketone 

^ 53 ^^ 106 ^- 

Cerylester, see Chap. I. (p. 65). 

Montanic! Acid, C 23H56O2 

Montanic acid occurs in distilled montan wax, and was considered 
to be the acidic portion of a wax contained in the bitumen extracted 

1 Proc. Chevi. Soc., 1890, 92. 2 18()7 (7), 309. 

•' Zeils. f. Che in,., 1897, 366. 

Lipji :ui(l Knliii, jirurn. f. prakt. Chem., 1911 (86), 92. 
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from lignite (by means of volatile solvents) (Vol. III. Chap. XV. 
“ Montan Wax ”). Recently RiAjg ' lias shown that wliat hitherto 
has been considered as montanic acid (having the formula C 2 yH 3 g() 2 ) 
represents in reality a mixture of cerotic, montanic, and nielissu; acids. 

Pure montanic acid crystallises from acetic acid in colourless plates 
(pearly scales), melting at 8T C. (Crude montanic acid crystallises 
in needles.) It is soluble in hot alcohol and glacial acetic acid, but 
much more soluble in petroleum ether and ethyl acetate ; it is only 
slightly soluble in methyl alcohol (whereas cerotic acid is easily soluble 
and melissic acid is insoluble in this solvent). 

Methylester, melts at 67''-67-5° C. {Rigg), 6(i'" C. (//. Rgmt and 
J. Algar ^). 

Ethylester, melts at 67° C. {Rigg), 64-65° C. (//. Ryan and J. Algar). 

The amide, anilide, and ketone have been mentioned above (see 
p. 148). 


Mrlissk! Acid, (yi^oOg 

Mcdissic acid occui’s in the free state in beeswax.^ Recently, it has 
been found (Rigg^) to form a coustituent of montan wax. It crystal- 
lises in scales possessing silky lustre, and melting at 91° C. Sclnailb^ 
prepared from beeswax inelissyl (myricyl) alcohol, a melissic acid 
crystallising from petroleum ether in small, fine needles, and melting 
at 88-5°-89° C. To this acid he ascribes the formula The 

melissic acid of the formula C;,yH,.y() 2 , obtained by Brodie,^ from melissyl 
alco|iol by heating with potash lime (see Chap, IX.) is more likely to 
represent true melissic acid. This acid is readily .Soluble in warm 
alcohol, chloroform, carbon bisulphide, and })etroleum ether, and 
sparingly soluble in ether and methyl alcohol. Melisvsic acid obtained 
by Mat then and Sander by oxidising melissyl alcohol from laurel oil 
(see Vol. II, Chap. XIV. Jjaurel Oil ”) melts at 91° C. It a])pears 
very likely that the acid prepared by Schwalb is identical witli the acid 
The melissic acid found by Rigg to* be a constituent of 
moiitan wax crystallises in pearly scales, melting at 88-5° C. 

Magnesium melissafe forms a white jiowder insoluble in alcohol, 
ether, and petroleum ether, soluble in hot chloroform, toluene, and 
benzene. From its solution in benzene it separates in the form of a 
jelly. In a capillary tube it conglutinates at 150° C., and melts at 
160° C. to a viscous transpaient liquid, solidifying on cooling to a 
vitreous mass {Schwalh ®). 

Silver melissate, prepared by dissolving melissic acid in 100 parts 
of alcohol, and adding a small excess of an alcoholic solution of silver 
nitrate, separates on cooling as an amorphous white powder. In a 
capillary tube it conglutinates at 94° C., and turns black at 140° C. 

Lead melissate is insoluble in alcohol and ether, soluble in boiling 

^ Transact. New Zealand Inst., 1911 (64), 270. 

Proc. Roy. Irish Acad',, 1913, 97. 

® Nafzger, LitUys Annal., 1884 (224), 249 ; Marie, Ann. de. Chim. ct dc Rhys., 1896 
(7), 198. * Liebig' s Aniud. 235, 135. ^ Ibid. 71, 149. 

® Cp, also Mattlies aucl Sander, Arch. d. Pharm. 246, 172. 
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chloroform. It crystallises from toluene in needles melting at 118°- 
119° C. {Sturcke ^). 

Methylester, melting point 74-5° C. {Marie). 

Ethylestery melting point 73° C. {Pieverliny 
Myricylester (see Chap. I. p. 66). 

PSYLLOSTEARYLIC AciD, CggllggOg 

This acid is stated to occur in Psylla wax combined with psyllo- 
stearylic alcohol.^ It is easily soluble in alcohol, less soluble in 
petroleum ether and in common ether. The crystallised acid melts 
at 94°-95° C. The formula given by Sundwick would seem to require 
confirmation. 


II.— Acids of the Oleic Series, C„H2u-2C2 

The naturally occurring acids belonging to the oleic (or acrylic 
series; from acrylic acid, its lowest member) are unsaturated compounds, 
and are therefore capable of absorbing hydrogen, chlorine, bromine, 
iodine, and the hydrogen acids of the halogens. Thus they can be 
converted into acids or derivatives of acids of the acetic series. It 
should be noted that, whereas halogens and their hydrogen acids are 
readily assimilated, hydrogen is not taken up by the higher members 
of this series when they are acted upon with sodium amalgam in alkaline 
solution, or with nascent hydrogen — evolved by any other method — 
under pressure. They assimilate hydrogen only when the latter acts 
in the presence of a catalyst. Under suitable conditions complete 
reduction to a saturated acid takes place. Reduction of the unsaturated 
acid with the aid of hydrogen also occurs under the inlluence of silent 
electrical discharges. In the latter event, however, the reduction 
does not reach completion. Nor is complete reduction obtained by 
heating with phosphorus and fuming hydriodic acid under pressure at 
temperatures at which formation of hydrocarbons does not take place. 
Ozone is easily assimilated with the formation of ozonides and per- 
ozonides (see “ Oleic Acid,” p. 183). 

The lower members of this series are miscible with water in every 
proportion. With the increase of the number of carbon atoms the 
solubility in water decreases. The specific gravities also decrease. 
The lower members can be distilled without undergoing decomposition ; 
but the higher acids cannot be so distilled under ordinary pressure. 
However, in a current of superheated steam or in vacuo they pass 
over unchanged (cp. p. 119). 

The unsaturated acids are more readily soluble in alcohol than 
the saturated acids having the same number of carbon atoms. 

Some of the higher acids, notably oleic and erucic acids, are changed 
into crystallisable isomerides when treated with a small quantity of 

1 Lkhufs Annal. 223, 298. Ibid. 183, 365. 

“ Sundwick, Zeits. f. physid. Chem., 1901 (32), 365. 
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nitrous acid at the ordinary temperature, or with sulphurous acid or 
bisulphites at high temperatures ‘and under pressure. Under certain 
conditions of catalytic reduction with hydrogen, especially with copper 
as the catalyst, oleic acid is converted into a solid isomeride {Lew- 
kowitsch ^). 

By oxidation with a dilute solution of potassium permanganate 
in alkaline solution, the unsaturated acids are converted into the 
corresponding hydroxylated acids (see p. 224). 

When melted with caustic alkalis they are broken up into two 
lower acids ; thus oleic acid yields palmitic ^ and acetic acids (cp,, 
however, p, 158). The opinion held previously, that the cleavage occurs 
at the place which the doubly linked carbon atoms occupy, must be 
abandoned (see “ Constitutional Formula of Oleic Acid ”), and for it 
must be substituted the view that during the reaction a migration of 
the double-linkage takes place. This is also evidenced by the fact 
that petroselinic acid also yields acetic and palmitic acids with melted 
caustic potash. 

According to the position of the doubly linked carbon atoms in 
the molecule of the higher acids of this series, a considerable number 
of isomerides, apart from geometrical isonierides (such as elaidic and 
brassidic acids), is theoretically possible (see below). In this treatise, 
acids which do not occur in nature are left out of detailed consideration, 
hence such isomeric oleic acids as a-j8 oleic acid can only be referred to 
in passing. It should, however, be pointed out that recently Ponzio 
and Gastaldi^ have shown that whereas ordinary oleic acid absorbs 
the theoretical amount of iodine, 2,3 oleic acid, which has the double 
linking between the a and ^ carbon atoms, absorbs under the ordinary 
conditions of the iodine absorption test (see Chap. VI.) only 3 to 18 
per cent of iodine (as against the theoretical 90 per cent). Only by 
prolonged action of the Wijs' iodine solution, numbers approaching 
the theoretical values were obtained. 

It must, however, be distinctly understood that it would be alto- 
gether premature to generalise from this observation, all the more so 
as petroselinic acid, which is a 6,7 oleic acid, absorbs readily the 
theoretical amount of iodine in HuhVs test. 

Hitherto four isomeric acids of the composition CigH3Q02, as also 
five isomeric “ oleic ” acids, have been found to occur in nature. More- 
over, indications have been obtained as to the existence of several 
other “ oleic ” acids in commercial products of the fat and oil industries. 
The acids of the composition C22H42O2, to which erucic acid belongs, 
simulate oleic acid completely. 

For the determination of the chemical constitution of the higher 
acids, that is to say, for the determination of the position of the doubly 
linked carbon atoms within the molecule, the following three methods 
have hitherto been employed : — 

(1) Conversion of the unsaturated acids into acids of the stearolic 
series ” (see p. 234) by heating the dibromides of the saturated acids 

^ Unpubliished observation. Varontrapp, Liebig's Annal.^ 1840 (35), 209, 

® Oazz. chim. ital., 1912 (42), 98, 



1T4 


CONSTITUENTS OF FATS AND WAXES 


CHAP. 


with alcoholic potash under pressure. Taking, as an example, ordinary 
oleic acid, CHg. (CH2)7.CH = CH(CH2)7.COOH, its dibromide yields 
a stearolic acid of the formula €113(0112)70= C(CH2)7COOH, By 
treatment with concentrated sulphuric acid this stearolic acid is con- 
verted into the keto-acid : OH3. {0H2)700 - OHg. (0112)7. OOOH, which 
furnishes with hydroxylamine hydrochloride two stereo-isomeric 
oximes, viz. ; 0H3(0H2)70 - 0H2(0H2)70OOH and CH3 . (CH2)7 . 

OH.N 

C-CH2. (0112)7.00011. These, in their turn, are converted by 
N.OH 

concentrated sulphuric acid into the two amino-acids : €113(0112)7 . 
NH . CO . 0n2(CH2)7 . OOOHandOHa . (0H2)7 . 00 . NH . OH2(CH2)7COOH. 
On heating the latter with concentrated hydrochloric acid, nonylic 
and azelaic acids arc obtained, wherefrom the conclusion may be 
drawn that the double bond in ordinary oleic acid is to be found between 
the ninth and tenth carbon atom of the chain. 

( 2 ) Con version of the unsaturated acids into their ozonides. — For the 
preparation of the ozonides ^ a weighed quantity of unsaturated fatty 
acids is dissolved in hexane, and a current of ozonised air (which need 
not contain more than 2 per cent of ozone) is passed through the 
solution at a temperature of - 20“^ 0., until no more ozone is absorbed. 
The solvent is then evaporated off in vacuo, at a temperature not 
exceeding 0 ., until the weight remains constant. The increase in 
weight over the original fatty acid furnishes the amount of ozone 
absorbed by the fatty acid. If chloi-oform be used as a solvent pero- 
zonides are obtained (cp. p. 183 ). 

On boiling the ozonides with water or alkali or glacial acetic acid, 
they are split into aldehydes of a saturated acid and semi-aldehydes of 
dibasic acids. Thus, oleic acid ozonide yields nonyl aldehyde and the 
semi-aldehyde of azelaic acid. The conclusion may be drawn, there- 
from, that the double linkage in oleic acid occurs between the ninth 
and tenth carbon atom. It must, however, be pointed out that the 
assumption is made here that the aldehydes formed are primary 
decomposition products; for the possibility must not be lost sight of 
that at first labile aldehydes or aldehydo-acids may be formed which 
are further decomposed with the formation of lower aldehydes (cp. 
“ Oleic Acid,” p. 184 , “ Elseostearic Acid,” p. 201 , and “ Linolenic 
Acid,” p. 206 ), 

( 3 ) Conversion of unsaturated fatty acids into nitrogen tetr oxide addi- 
tion products? — The nitrogen tetroxide addition products arc prepared 
by dissolving the unsatiirated fatty acids in 5 to 6 volumes of petroleum 
ether and cooling in ice. In case the substance separates out, the 
li(piid is well stirred, so that separation in the form of very minute 
crystals takes place, which do not influence unfavourably the progress 

^ Harries and Tiirk, Ikrichte, 1906, 2844 ; 3667 ; cp. also Erdmann, Jkrichte, 
1909, 1334. 

2 Jogorow, Journ.f. pmkt. Chem., 1912 (86), 621. The method was lirst published 
in Journ, Russ, Phys. Chem, Soc., 1903 (36), 716. 
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of the reaction. As soon as the solution has cooled to 3°-4° C., 
the dry liquid nitrogen tetroxidc (kept in sealed glass tubes) is added 
in a quantity slightly exceeding the theoretical quantity. The tetroxide 
is best previously dissolved in petroleum ether cooled in ice, and the 
solution is added in small quantities to tlie petroleum ether solution 
of the unsatuj-ated substances. Immediately after adding the first 
portion, as a rule, no reaction takes place, but after a short time the 
temperature rises, so that subsequent portions must not be added, 
before the temperature falls again to 5^-6° C. ; otherwise the petroleum 
ether begins to boil and the contents of the flask may become sjiontane- 
ously ignited. After tlie whole amount of tetroxide has been added, 
the product is kept in ic.e overnight, and the addition product, generally 
representing a viscous oil, is drawn off by means of a pipette and heated 
in a sealed tube with 3 to 4 volumes of fuming hydrochloric, acid at 
13(T’-140'^ for 3 to 5 hours. 

The information furnished by this method is of the same order 
as that obtained by the ozonide method. Thus, oleic acid yielded 
pelargonic acid and azelaic acid ; imHeic acid (of the m.p. 42° C.) 
yielded caprylic and sebacic acids ; eriicic acid gave nonylic (nonoic) 
and brassylic acids. Hence, the following structural forrnuhe are 
derived: Oleic acid, OHg. (€112)7. CTl = 011 •CH.,)7COOH ; isooleic 
acid, 0H3.(0H2)^jCIl=011(01l2)/X3()H; erucic acid, Cn3(Cll2)7CH = 
CH(CH2 )iiOOOH. (With regard to ricinoleic acid, see bidovv, ]>. 215.) 

The method oi oxidising the unsaturated acids with alkaline 
potassium permangana.te and identifying the oxidation products 
cannot bo relied upon as a safe means for determining the position of 
the double bond. In those cases, where no dihydroxy acid of the same 
number of cai'bon atoms is formed, but acids with a lower number of 
carbon atoms result, no certainty obtains, as to whether the cleavage 
takes place at the, double liiddng or whether, ])reviously, migration 
thereof occurs, as is tlie case on treating unsaturated fatty acids with 
meltiul caustic potash. Nc'.vertheless there is a justifiable presumption 
in assuming that tlie cleavage does occur at the position of the double 
linkage. Thus oleic acid, the constitution of which may be accepted 
as fairly well established (see below), yields (in addition to dihydroxy 
stearic acid) azelaic and pelargonic acids, although the latter in small 
quantity only. The formation of these two acids would seem to 
confirm the position of the double linkage in the middle of the molecule, 
but it must not be overlooked that a considerable proportion of oxalic 
acid is formed ; whence the conclusion might be drawn that ordinary 
oleic acid is a mixture of fl,10 oleic and 2,3 oleic acids (cp. p. 178, 
footnote 3). 

By the action of concentrated sulphuric acid or anhydrous zinc 
chloride, oleic, elaidic, and “ isooleic ” acids yield y-stearolactone. 
Erucic acid leads thus to behenolactone (and k-X undecylic acid yields 
undecolactone). Crotonic and a-hydroxybutyric acids, however, do 
not give rise to the formation of lactones.^ 

^ Sliukoff and Sobestakolf, Joitrn. Riiss. Rhys. Cheni. <Soc., 1908 (40), 830. 
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A characteristic property of the lead salts of the higher acids of 
this series is their solubility in ether ; this property is made use of in 
the separation of the higher acids of this series from the corresponding 
saturated acids, Elaidic acid, however, simulates stearic acid as 
regards the solubility of its lead salts in ether (cp. p. 141) ; lead “ iso- 
oleate ” is less readily soluble in ether than is the oleate ; the lead salt 
of erucic acid is sparingly soluble in cold ether. 

The interaction of unsaturated acids (oleic) with mercury acetate 
in acetic acid was studied by A. Leys}- 

For a preliminary note on the interaction of oleic and elaidic acids 
with formaldehyde, the reader must be referred to the original paper 
by S. Fokin,} 


Tiglic Acid, CgHgOa^CHg.CH : C(CH3).C00H 

Tiglic acid (isomeric with angelic acid) occurs in croton oil. The 
acid crystallises in triclinic columns melting at 64-6° C. and boiling at 
108'5° C. under ordinary pressure. = 0-9641. 

Fittufs ^ researches proved that tiglic acid occurs as such in croton 
oil, and is not formed from angelic acid under the influence of the 
caustic soda used in saponifying the oil (as has been assumed repeatedly), 
for on prolonged boiling of angelic acid with caustic soda hardly 5 per 
cent of tiglic acid was obtained 

On melting tiglic acid with caustic potash, acetic and propionic 
acids are produced. By oxidation with potassium permanganate, 
carbonic acid, acetaldehyde, acetic acid, and dihydroxytiglic (tigliceric) 
acid are formed. 

The calcium salt, Ca(C 5 H 702)2 + 3H.20, is more readily soluble 
in boiling water than that of angelic acid. 100 parts of water dissolve 
at 17'^ C. 6-05 parts of the anhydrous salt. 

Elhylester boils at 156° C. 


Acids Cj 2H2202 and 0j^H2g02 
These acids are said to occur in the fat of cochineal.'^ 


Acids 

(a) HypoGiEio Acid, 

This acid was stated by Gossmann and Scheven} and by Schroder'^ 
to occur in arachis oil. Schoen} however, could not detect hypogsoic 
acid in this oil, and although his statement is confirmed by Bodenstein} 

^ Bull. Soc. Vhivi. iv. (1907), 343. 

Journ. liiiss. Vhjs. ('hem. Soc., 1911 (43), 809. 

^ Lkbi(fs Annal. 283, 65. Cp. also Rvjpe, Itoims, and Lotz, Berichte, 1902, 4265. 

•* Rayirianii, Monatsh. f. Ohevi., 1885 (6), 896. According to Ljiibarsky the acid 
from the fat of Coccus axin (Mexico) has the composition CjgHgQOa (physetoleic ?). 

^ Liebig's Annal., 1855 (94), 230 : Caldwell an<l Gossmann, ibid., 1856 (99), 305. 

Liebigs Annal,, 1867 (143), 22. ’ Ibid., 1888, 244, 253. 

® Berichte, 1894, 3397. Op. also Marasse, ibkl,, 1869, 359. 
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yet the hypogaeic acid prepared by the latter synthetically from stearolic 
acid, and having the constitutional formula 0 X 13 ( 0112 ) 7 . CH=CH(CH 2)5 
OOOH, exhibits the properties of the acid obtained by Schroder from 
arachis oil. The acid is also stated to occur in maize oil. 

Hypogaeic acid ^ crystallises in needles melting at 33°-34° 0., boiling 
at 236“ 0. under a pressure of 15 mm., and at 230“ 0. under a pressure 
of 10 mm. It absorbs two atoms of bromine to form hypogjeic di- 
bromidc (dibromopalmitic acid), an amorphous mass melting at 29° 0. 
{Schroder ^). 

Hypogaeic dibromide yields on treatment with silver oxide dihydroxy- 
palmitic acid (see below). Boiling alcoholic potash converts it into 
palmitolic acid. 

Gaidie Acid, CjgH 3 Q 02 . On passing nitrous acid fumes through 
hypogaeic acid, its stereo-metrical isomeride, gaidie acid, is obtained. 
Gaidie acid melts at 39° C. [Caldwell and Gdssnmnn ®). 

( 6 ) Physetoleic Acid, CigHgoOg 

Physetoleic acid is said to occur in Caspian seal oil * and in sperm 
oil.^ The acid differs from hypogaeic acid in that it is not transformed 
into a stereometrical isomeride by nitrous acid, and from palmitoleic 
acid by yielding a dihydi'oxylated acid which differs from that obtained 
from palmitoleic acid. Physetoleic acid is stated to melt at 30^" C. 
On dry distillation it does not yield sebacic acid. 

(c) Palmitoleic Acid, 

This acid is stated by Bull ^ to occur in cod liver oil and to form 
about 6 per cent of the total fatty acids. It was isolated by converting 
the cod liver oil glycerides into their methyl esters, fractionating the 
mixed esters under a pressure of 10 mm., and freeing the fraction boiling 
at 185°-186° C. from methyl palmitatc. The ester of palmitoleic acid 
was then converted into the barium salt, the latter recrystallised from 
ether, tlie acid isolated from the salt, and finally purified by means of 
its zinc salt. The acid is stated to solidify at - 1-5° C. 

A means of identifying this acid would be furnished by catalytic 
reduction with hydrogen, wh^n palmitic acid should bo obtained 
{Lewkowitsch). 

On oxidising the acid at 0 ° C. with an alkaline solution of potassium 
permanganate, a dihydroxypalmitic acid of the melting point 125° C. 
was obtained ; this acid appears to differ from the dihydroxystearic 
acid obtained by Ljuharsky from Caspian seal oil. 

^ A hypogjcic acid having the structure CH 3 (CH 2 )j 2 . CH = CH. COOH was jirepared 
from a broinopalinitic acid by Poiizio {(Jazz. chim. ital., 1905 (35), ii. 132. 

- Liebig's Aimal, 1867 (143), 24. 

3 LieMg’s A nnaL, 1856 (99), 307. 

J/jubarsky, Junrn.f. ^raki. Chem., 1898 (57), 26, 

® Ilofstiidter, Liebig’s Annal., 1854 (91), 177. 

® Bull Ijad not named this acid ; the author proposed, therefore, the name palmitoleic 
acid. Op. Jahrhuch d. Chem., 1906, xvi. 402. Tliis acid must not be confounded with 
palmitolic acid. ’’ Berichte, 1906, 3574. 

VOL. I , N 
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{d) Lycopodic Acid, ^16^30^2 

This acid is stated to occur in the spores of lycopodium^ as a 
glyceride, and to form 81 per cent of the mixed fatty acids of lycopodium 
oil [Rat/ije^). It differs from the acids described under (a) and (&) by 
being liquid at the ordinary temperature. Potassium permanganate 
oxidises it to dihydroxypalmitic, isocaproic, and hyclroxycapric acids. 
Melting caustic potash decomposes it to isobutyric and lauric acids. 
Lycopodic acid does not, therefore, appear to have a normal struct me. 


Acids, 

An extremely large number of isomeric acids having the formula 
Hitherto, as pointed out above, five isomeric 
oleic acids have been found to occur in nature, and in addition thereto, 
besides geometrical isomerides, some other synthetical oleic acids, such 
as ttjS and A/a acids, have been obtained. Fokin‘S is of the opinion that 
oleic acids with a double linkage in an odd-even position (//(9, ak. A/a) 
are solid, whilst those with this linking in an even-odd position (dr, kA) 
are liquid. This rule can, however, only be looked upon as expressing 
a few facts, since the geometrical configuration also plays an important 
part ; thus oleic and elaidic acids, both of which liave the double 
linking in the $ and a position, represent the types of liejuid and solid 
acids respectively. 


(a) Ordinary Oleic Acid,^ 0,10, or 0i Oleic Acid, 
CH 3 .(CH 2 ) 7 . 0 H 

II 

CH(0H2), . COOH. 

Ordinary oleic acid is found in most vegetable and animal fats, 
especially in the liquid ones, in combination with glycerol. 

The chemically pure product can only be obtained with difficulty. 
A number of preparations sold commercially as “ pure ” oleic acid are 

' Laiigcr, Arch. d. 1‘hann.^ 1889 (27), 241, 289, 625; Katlije, ibid., 1908, 699. 

Juurn. Rtisii. Idiys. (Jhem. Soc., i912 (44), 653. 

® Tlie older formula, CIL, . (CU 2 )i 3 . C : Oil . CIU . COOU, given Ly Haytzeff, Ikridite, 
1894 (27), Ref. 577, lia.s liecii shown to be untenable by Rarucli, JJericMe, 1894 (27), 
173 (cp. Lh Sueur, Journ. (Jhem. Soc., 1904, 1710 ; N. aiul Al. Saytzelf, Journ. f. ^jrakt. 
CAm., 1905 (71), 422). 

On account of the change which oleic acid undergoes on heating with melted caustic 
pota.sh (formation of palmitic acid), the constitutional formula of a 2,8 oleic acid (a, /3 
oleic acid), . ('H = ('ll . COOIl, was previously ascribed to it. The true a, oleic 

;icid Wfw prepared by fl. Ponzio [Alii R. Acc. Sc. Torino, 1905, 970) and also by Le 
Sueur {.Jonrn. C/iem. Soc., 1904, 1709). 

in the opinion of A. A. Shukoff and P, J. Sche.stakoir (Joitrn. Ru.ss. Phys. (Jhem. Soc., 
1908 (40), 830) the ordinary oleic acid separated from fats is not a chemical individual, 
])iit cori.sists jirobably of a mixture of i.somerides having a pair of doubly-linked carbon 
atoms in the 9,10 (^, a) position on the one hand, and in the 3,4 (/3,7) or 4,5 ( 7 , 5 ) 
po.sition on the other. The 9,10 { 6 , 1 ) acid was prepared from t (or 1,10) hydroxystearic 
acid, and was found to yield about 10 per cent of 7 -stearoIactoue when treated with zinc 
chloride (cp. “ Stearolactone, ” p, 226). 
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obtained from almond oil by separating the ether-soluble lead salts 
from those of the solid acids, but it should be noted that oleic acid so 
prepared still contains small quantities of less saturated acids (linolic, 
and perhaps linoleni(^). On the other hand, oleic acid obtained on a 
large scale from tallow retains a small proportion of solid acids. The 
author lays stress on these points, as a number of observations on oleic 
acid (so-called acid, oleic, puriss) have been made with an impure acid, 
and hence statements as to the solubility of the salts prepared with 
such acid must be accepted with reserve. Oleic acid can only be 
considered as chemically pure if its iodine value is 90 (theoretical value 
90-07). Most so-called pure oleic acids obtained in commerce deviate 
widely from this number, according as to whether they contain solid 
acids or less saturated acids ; even the best preparations have iodine 
values varying from 82 to 84 on the one hand, and from 100 to 110 on 
the other. This has been confirmed by Fahrion,^ who found in a 
chemically pure oleic acid, sold as free from linolic acid, 5 per cent 
of neutral substances and about 1 per cent of palmitic acid. After 
removal of these impurities the puiified oleic acid still sliowed the 
iodine value 92-3. 

Pure oleii; acid is best prepared from tallow (which practically does 
not contain any less saturated acids than oleic acid), by saponifying 
with caustic potash, precipitating the soap solution with lead ac^etate, 
and extracting the dried lead salt with ether. The di.ssolved lead 
salt is decomposed with hydi’ochloric acid under ether, the libcj-atcd 
acid dissolved in ammonia and the solution precipitated with barium 
chloride. Next, the barium salt is diled, boiled out with hot .alcohol, 
and the hot solution allowed to crystallise. The crystallised salt is 
decomposed either by a strong mineral acid or by tartaric acid {Goltlieh).^ 
Exclusion of atmosjdieric air, although desirable, is not an essential 
condition, for the older statements, that oleic acid absorbs oxygen from 
the air with avidity, are erroneous. (These statements are due to the 
fact that the fatty acids from linseed oil or semi-drying oils were pre- 
viously termed oleic acid.) Oleic acid prepared in this manner still 
contains solid acids. To remove the latter the conversion of the oleic 
acid into its chloro-iodo-product may be suggested. The latter can be 
separated from the saturated acids by dissolving in an organic solvent 
and allowing to crystallise. From the crystallised chloro-iodo-olcic 
acid, oleic acid would be obtained by heating with aniline or quinoline. 
Farmteiiier claims to have obtained pure oleic acid from olive oil by 
converting the mixed liquid olive oil acids into barium salts, and 
crystallising the latter repeatedly from benzene containing a little 
alcohol (cp. Chap. VIll.), 

Pure oleic acid is a colourless liquid free from odour. It crystallises 
in the form of needles, solidifying at 4° C. and melting at 6-5° C. 
{Partington ^). 

Gottlieb ^ gave the melting point as 14° C. As at the time of 
the publication of his paper oleic acid could not be freed thoroughly 

1 Ghern. Zeit., 1909, 429. “ Journ. Giiem. Soc., 1911, 316. 

LieUg's Annal., 1846 (57), 38. 
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from solid acids, the high melting pbint given by Gottlieb might have 
been explained, in the light of Partington’s figure, as being due to 
dissolved palmitic and stearic acids. This explanation, however, 
becomes somewhat unsatisfactory, since A. Kirschner ^ stated that on 
allowing impure oleic acid to crystallise at 8°-10° C. he obtained a new 
crystalline form having a higher melting point than 14° C., viz. 16° C. 
It would therefore appear that oleic acid is dimorphous. On melting 
the crystals of melting point 16° C., and (more rapidly still) by cooling 
on ice, they are converted into crystals of lower melting point. 

Chevreul gave the specific gravity at 14° C. as 0-898. More recent 
observations have led to the following numbers: — 0.-0-8908, 
<^15 = 0-898, 0-895, = 0-889, 0-875, and = 0-854. The 

following table contains the numbers obtained by Procter^ for a 
specimen of “ fairly pure ” oleic acid : — 





Refractive 

’ 

Uefractivo 

Temperature. 

Specific 

RefiacUve 

CoJHtaiit.s. 

(Jonstants, 

' G. 

Gravity. 

Index. 

« - 1 _ 

e- 1 




"d ■ 


15 

0-898 

1-4638 

0-5165 

0-3072 

20 

0-.S!»5 

1-46-20 

0-5159 

0-3070 

25 

0-8 93 

1-4603 

0-5151 

0-3069 

oO 

0-889 

1-4585 

0-5] 58 

0-3072 

tit) 

0-885 

1-4566 

0-5160 

0-3075 

40 

0-882 

1-4516 

0-5151 

0-3071 

45 

0-880 

1-452.S 

0-5115 

0-3071 

50 

0-875 

1-4509 

0-51.53 

0-3077 

60 

0-870 

11171 

0-5110 

0-3072 


On distilling oleic acid under ordinary pressure, it is partially 
broken up into water, and into carbonic, acetic, caprylic, and capric 
acids ; at the same time scbacic acid ^ and hydrocarbons are 
formed, states that oleic acid heated to about 350°-375° C. 

yielded 23-4 per cent of a distillate consisting of hydrocarbons, whereas 
the acid heated in the same manner in the presence of a hydrosilicate 
(cp. p. 46) yielded 79 per cent of a distillate consisting chiefly of hydro- 
carbons. In a current of superheated steam, however, it passes over 
unchanged at a temperature of about 250° C. This is indeed the 
method by which commercial oleic acid is prepared on the manufacturing 
scale in caiidleworks (see Vol. III. Chap. XV.). The following boiling 
points have been found by Krafft and Nordlinger,^ and by Krafft and 
Weilandt : ® — 


1 Zeits. f. physiol. Chem., 1912(79), 759. 

^ Journ. i^oc. Ohem. hid., 1898, 1022. 

^ Rudteubacher sugge.sted (Lid)iy's Annal.^ 1840 (3.5), 208), as the most coiiveuient 
method for the detection of oleic acid, to prove the presence of scbacic acid among the 
pro<lucts of dry distillation. In the present state of our knowledge this method is no 
longer required. * I^drohnm, 1911 (6), 429. 

® Journ. Chem. .She., Abstr., 1889, 691. " Ikrkhte, 1896, 1324. 
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Boilins Point. 

“C. 



Pressure, 
mm. M(!rciiry. 

153-0 1 



0 

2230 



10 

232-5 



15 

249-5 



. 30 

204-0 



50 

285-5-280-0 



. 100 


C. Fischer and 0. Harries “ give 166° for a pressure of 0-25 mm. 
(temperature of bath 200° C.). 

Oleic acid is insoluble in water, but dissolves readily in cold alcohol, 
even if the alcohol bo somewhat dilute. On adding large quantities 
of water to the alcoholic solution, the acid is thrown out. On the 
greater solubility of oleic acid in mixtures of water, alcohol, and acetic 
acid, compared with that of the solid fatty acids palmitic and stearic, 
David ^ based a method of separating oleic acid from the solid acids. 

Nitrous acid converts oleic acid at the ordinary temperature '* into 
ela'idic acid. The same change takes place when the acid is treated 
with sodium bisulphite under pressure at 175°-180° C., or with sulphurous 
acid under pressure at 200° C. The change, however, is not complete, 
as the reaction is a reversililo one.*^ 

On exposure to light and air, oleic acid turns yellow or yellowish, 
acquires a rancid smell, and reddens blue litmus paper. Scala ® isolated 
from oleic acid exposed to light and air the following products : 
conanthaldehyde, formic;, acetic, butyric, and cenauthic acids, and 
some; dibasic acid' assumed to be azelai'c and suberic acids (and di- 
hydroxy stearic acid ? ). (The same substances were obtained from a 
very rancid olive oil ; cp. p. 54.) 

A sample of oleic acid kept for about nineteen years {Senkowski 
deposited crystals molting at 48° C., whereas the unchanged oleic acid, 
as calculated from the iodine value of the sample, formed only 32T 
per cent of the whole mass. In the deposited crystals 8-3 per cent 
(calculated to stcarolactone) of an ester were found. It is doubtful 
whether the remainder consisted of hydroxy stearic acid. What 
change did occur in this oleic acid has not been further explained. 
From my own experience I can, however, state that a sample of com- 
mercial oleic acid from tallow, kept over sixteen years in an iron drum, 
which was very frequently opened, had retained its original neutralisa- 
tion value, and practically its original iodine value, viz. 84. 

After blowing air through oleic acid at 120° C. for 2, 4, 6, and 10 
hours, the author found ® respectively 0-62, 2*6, 3-5, and 6 0 per cent 
of “ oxidised ” acids (insoluble in petroleum ether) in the “ blown ” 

’ Cp, Caldwell and Hurtley’s re.sults, table, p. 120. 

Jieric/Ue, 1902, 2162. ’ Jotim. C/iem. Soc. 34, 1011. 

^ Lidotf states {Amxh/st, 189.5, 178) that by the action of nitrous oxide on oleic acid 
at 80°-85“C. an increase of weight takes place, and the iodine value of the product falls 
to 9. Experiments made by Lewkowitsch show, however, that elaidic acid is formed and 
the apparent low iodine value is due to the action of nitrous acid, left in the fatty acid, 
on potassium iodide {Journ. Soc. Ohevi. hid., 1897, 390). 

° Cp. Albitzky, Journ. f. prakl. Chem., 1903. 

® Staz. Sper. ajr. ital. 30, 613. 

Zeits. f. physiol. Chem., 1898, 434; cp. also Salkowski, Zur Kenntniss der 
Fettioachsbildung, 1891, Berlin, p. 24. * Lewkowitsch, Analyst, 1899, 322. 
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acid ; the specific gravities rose in the same order from 0-8080 to 0-9098, 
0-9J21, 0-9123, and 0-9238. Similarly, on digesting oleic acid with 
sulphur at a temperature between 130° and 150° C, sulphur is absorbed, 
without evolution of sulphuretted hydrogen ; apparently an addition 
product is formed (see Vol. TIL Chap. XV. “Vulcanised Oils”), At 
higher temperatures, from 200° to 3(X)° C., sulphuretted hydrogen is 
evolved. 

On oxidising oleic acid witli nitric acid the following dibasic acids, 
adipic, pimelic, and suberic acids, were obtained ; ^ simultaneously 
volatile acids, from formic acid up to, and including, capric acid, were 
formed. J^otassium pei-manganatc, acting in acid solution on oleic 
acid, yields considerable quantities of dibasic acids. On oxidising oleic 
acid with an excess of potassium permanganate in dilute alkaline 
solution in the cold, dihydroxystearic acid is formed chiefly. Edtned^ 
states tliat on oxidising oleic- acid at 60° C., he obtained 60 per cent of 
dihydroxystearic acid, a small quantity of pelargonic acid, 16 per cent 
of azelaic acid, and 16 per cent of oxalic acid.^ If the oxidation with 
potassium permanganate be cai-ried out in presence of only so much 
caustic potash as is required to neutralise the oleic acid employed, 
ketohydroxystearic acid is obtained ir» addition to diliydioxystearic 
acid.^ On oxidising oleic acid with persulphuric acid {Caro’s reagent) 
dihydroxystearidic acid is formed.^ 

Oleic Acid Ozomdes . — According to Molinan ^ one molecule of ozone 
is assimilated with the formation of ohuc acid ozonidc, Ojj^lljyOg, when 
ozone (ozonised air) is passed through oleic acid. Harries'^ has, 
however, shown that when an excess of ozoFie is used, the//V,s’/- product 
obtained by treating oleic acid witli ozonised oxygen is not oleic acid 
ozonide, as the latter assimilates, on prolonged treatment rvith ozone, 
more oxygen, forming (by the absorption of a fourth atom of oxygen, 
in addition to one molecule of ozone) a perozonide. To this ])erozonide, 
ozonide peroxide, Harries ^ ascribes the following formula : 

I I 

0 - 0-0 

By washing with water and sodium carbonate this perozonide, is con- 
verted into the normal ozonidc, 028113405 , of the formula : 


' Lc\vko\vit,si;h, Joiirn.f. pmkt. Chem., 1S79, 159. 

Jdurn, V.hcm. Hoc,., 73, t)27. 

Link, in tlie iuilhor’s laboratory, found that considt;rablo proportions of olcio acid 
escape oxidation. 

Holde and Mareus.son, Jlerichte, 1903, 20.07 ; cp. N. and Al. SaytzefI’, Jo^irn.f. 
prakt. Chem,, 190.'; (71), 421. 

» Allhtzky, Jkrichtc, 1900, 2909; 1903 (67), 289. .37.7. 

” Molinari, Aniivario della Soc. Chimira di Milano, 190.3, ix. .^»07 ; 190.';, xi. 80; 
1906, xii. fa.scie i, u. ii. ; iii. u. iv. Benchie, 1906, 2735 ; (lazz. Chioi. 36, ii. 292 ; 
Berichk, 1907, 4154 ; 1908, 585 ; 2794. 

^ Lichyfs Annal., 313, .311 ; 374, 290 ; Berichte, 1906, 3729 ; 1907, 4906. Cp. also 
ibid., 1906, 3732; Thieinc, Jnav;j. Dissert., Kiel, 1906 ; H.-irries, Ikrichte, 1912, 936 ; 
Liebig's Annal., 1912 (390), 235. ^ Liebujs Annal., 1910 (374), 3.58. 
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CH3-(CHj)7-CH - CH.(CH2)7.C00H 
0 - 0-0 

which Molinari had obtained straiglitway. 

(a) Oleic acid ozonide, prepared according to tlie method 

described hy 3Iolman,^ forms a viscous, yellowish oil; I -0218, 
fi = 1-0205. Harries and Franck give = 1-0281, 1-021 G, and 

w2? = l-4G021. It is easily soluble in benzene and in chloroform, 
soluble in carbon bisulphide and in absolute alcohol, and sparingly 
soluble in cold petroleum ether. On warming the ozonide on the 
water-bath under a reflux condenser with a saturated solution of 
potassium bisidphite, the following acids are formed : azelaic, nonylic 
(nonoic), an acid CjgF 3 . 2 (),., and a hydroxy stearic acid (formed by the 
condensation of nonaldchyde and nonylic; acid). In addition to the 
foregoing acids there are produced semi-aldehydes and nonylaldehydo ; 
the latter undergoes polymerisation on being liberated from its 
bisulphite compound, to form paranonaldehyde (Ct,Hig()) 3.2 

Harries,^ maintaining his previously raised strictures on some of 
Molinari s statements, shows that on treating a solution of oleic acid 
in glacial acetic acid or carbon tetrachloride with either sliglitly (0-4 
per cent of ozone) or strongly ozonised air (18 per cent of ozone), until 
a dro[) of the solution no longer decolourises bromine or iodim;, the 
normal ozonide is always obtained. As soon, however, as tlie saturation 
point is cxceedeci the perozonide is formed. 

The ozonide still retains its character as an acid since its ammonium, 
sodium, and copper salts can be isolated, although the salts are easily 
decomposed {Harries and Franck^). 

(b) The perozonide, is more viscous than the normal ozonide, 

d.]. 2,5 = 1-049 ; =1-47113. On shaking with sodium bicarbonate 

and water it is converted into the normal ozonide. 

After prolonged treatment of the perozonide with ozonised air a 
su])er[)croxide, superp^rozonide, Cjgll 340 -, is formed. 

Both ozonides are converted by heating with water almost quantita- 
tively into nonyl aldehyde and nonylic acid on the one hand, and into 
the semi-aldehyde of azelaic acid and azelaic acid on the other. No 
evolution of gas can be observed, and the presence of hydrogen peroxide 
can be detected. If, however, sodium hydrate be added to the water 
and the mixture then be boiled, sodium peroxide is formed which 
oxidises the aldehydes formed, being itself reduced to sodium hydrate. 
(The sodium hydrate so formed converts unchanged aldehydes into 
the decomposition products described by Molinari, who effected the 
decomposition of the ozonide by means of alkali.) The formation of 
nonylic and azelau; acids would seem to prove the correctness of the 
constitutional formula ascribed above to oleic acid (cp. p. 178). 

The decomposition of the ozonides also takes place in anhydrous 

^ Molinari, Berichte, 1906, 2737- ^ Molinari and Barosi, ibid,, 1908, 2794. 

^ Harries and Franck, ibid., 1909, 446 ; 1910, 3.'>7. 

^ Liebig's AnnaL, 1910 (374), 367. 
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solvents, such as glacial acetic acid or alcohol, on warming. With 
glacial acetic acid even more peroxide is formed than with water 
[Harries). In fact, on warming the glacial acetic acid solution vigorous 
evolution of gas is observed ; since, however, the gas contains carbon- 
monoxide and carbondioxide it is evident that further complicated 
decomposition products are formed. It therefore follows that water 
does not play the important part in the decomposition of the ozonides 
which Harries previously ascribed to it. The decomposition of 
the oleic acid ozonide in glacial acetic acid is explained by Harries 
to take place in two directions. In one direction there is formed 
nonylaldehyde, CH3. {0112)7. CHO, and azclaic semi-aldehyde peroxide 


0 

I 

0 


> 


OH. (0112)7.00011 ; and in the second direction there is formed 


nonylaldehyde peroxide, OH3. (0112)7. OH 



and an azelaic-semi- 


aldehyde O:0H. (0H2)7.OOOH. The latter would then be converted 
into the semi-aldehyde of azelaic acid by losing one atom of oxygen. 

The ozonides are saturated substances which do not decolourise 
bromine solutions. They are, Ijowever, capable of geting as oxidising 
substances, inasmuch as they liberate iodine from potassium iodide. 
(Hence in the “ iodine test ” the ozonides liberate iodine ; probably 
one atom of iodine for each molecule of ozone [Molinari and Feuaroli).) 

(c) Oleic acid super perozotiide is formed from the perozonide. It 
can be obtained in a shorter time from oleic acid itself, by treating oleic 
acid, dissolved in 3 volumes of glacial acetic acid, for 4 hours with 
ozonised air containing 16 to 18 per cent of ozone, distilling off the 
glacial acetic acid in vacuo, and drying the residue over solid caustic 
potash and concentrated sulphuric acid. The product is a colourless 
viscous liquid, -1-079 ; = 1-46817. On warming with water, 

it is broken down into the same decomposition product which the above 
described ozonides yield.^ 

For the interaction of oleic acid with nitrogen tetroxide see p. 175. 


Oleic acid absorbs one molecule of bromine with the formation of 
oleic dibromide (dibromostearic acid) ; ^ similarly iodochloride is 
absorbed to form a saturated acid. On reducing these products with 
zinc and hydrochloric acid, oleic acid is regenerated [Lewkowitsch). 
On heating the dibromide with alcoholic potash, stearolic acid, melting 
point 48° C., is obtained (cp. “ Petrosdlinic Acid ”).® 

^ C, Harries aud W. Franck, Liebig's Anwd., 1910 (374), 361. 

The barium salt of the dibromo-stearic acid is wax-like, sparingly soluble in alcohol 
or ether at the ordinary temperature, but readily soluble in a mixture of alcohol and 
benzene ( Farnsteiner, Zeits.f. Unters. d. Nahrgs- u. Oemissm., 1899, 15). Tlie lead salt is 
viscous, sparingly soluble in cold 95 per cent alcohol, but dissolves readily in ether, 
petroleum ether, ether-alcohol, benzene, and a mixture of benzene and alcohol. 

® Fokin {Journ. Russ. Phys. Chem. Soc., 1912 (44), 156) states that monobromo- 
stearic acid from oleic acid and bydrobromic acid yields, on treatment with zinc dust and 
water in a sealed tube, stearic acid. In the case of the corresponding chloro-compound, 
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The action of melting caustic 'potash on oleic acid has been referred 
to above (p. 168 and p. 173). 

Oleic acid dissolves in concentrated sulphuric acid in the cold without 
decomposition {Chevreul), and forms stearic acid hydrogensulphate, 
Ci 8 H 35 (S 0^11)02. On boiling this product with water, sulphuric acid 
is split off, and i-hydroxystearic acid is formed, conjointly with a small 
quantity of stearolactone {Geitel) ^ ; (see Vol. III. Chap. XV. “ Turkey- 
red Oil”).^ A similar change takes place on heating oleic acid with 
zinc chloride to 185° C. (see Vol. III. Chap. XV. “ Conversion of Oleic 
Acid into Candle Material ”)• In Saytzeffs’ ^ opinion, the interaction 
of sulphuric acid with oleic acid leads to the formation of hydroxy- 


stearosulphuric acid I^17ll34<C^ 


COOH 


On boiling the latter with 


water a mixture of hydroxystearic acid and anhydrides of this acid is 
obtained ; this mixture is sparingly soluble in 80 per (!ent alcohol. 
The anhydrides may be approximately differentiated into several 
individuals by the facility with which they are (.‘onverted into salts of 
hydroxystearic acid on heating with alkalis. Fuller consideration to 
the action of sulphuric acid on oleic acid will be given in Vol. ITT. 
Chap. XV. 

Sulphuric acid of 85 per cent strength is stated by Twiichell to have 
a similar action to that of concentrated acid.^ 

The red^iction of oleic acid to stearic acid has been frequently 
attempted, and has formed one of the most fascinating problems in the 
fat industry.^ Goldschmidt ® was the first to attempt the reduction of 
oleic acid by heating it with fuming hydriodic acid and amorphous 
phosphorus for 8 to 10 hours in a sealed tube at 200°-210° C. ; he thus 
obtained stearic acid, i^ de Wilde and Reychler^ following Goldschmidt, 
tried to convert oleic acid into stearic acid by heating the former with 
1 per cent of iodine in autoclaves at 270°-280° C. A mixture of fatty 
substances melting from 50° to 65° C. resulted ; this was separated by 
distillation in a current of superheated steam into a residue insoluble 
in alcohol, a distillate containing stearic, acid, and a liquid, which 
could not be converted into stearic acid by again subjecting it to the 
same treatment. The yield of stearic acid reached only 70 per cent, 
and no more than one-third of the iodine used could be recovered. 
The costliness of the process naturally prevented its commercial applica- 
tion. 

The several attempts which were made subsequently to solve this 
important technical problem were discussed at length by Lewkowitsch ® 
in 1897 and 1908 ; they will be more fully considered in Vol. III. 


tlio product consi.sts ol' approximately two-third.s of stearic acid and one-third regenerated 
oleic acid. 

^ Cp. also S.sabanejew, Jonrn. Russ. Phys. Cliem. Soc., IBS.'), i. 3.5, 87 ; Benchte, 
1886, Ref. 239. ^ Cp. also Joum. Soc. Chem. Ind., 1897, 390. 

* Journ.f. prnkt. Chem. 36, 369 (1898), 57, 26. 

Jonrn. Soc. C/icm. Ind., 1897, 1002. 

® Cp. Lewkowitsch, Jontn. Soc. Chem., Ind., 1897, 390. 

® Sitznn.gsh. d. K. K. Akad. der Wissensch., 1876 (72), ii. 366. 

’ Bull. Soc. Chwi., 1889 [3], 295. 

® Joum. Soc, Chem, Ind., 1897, 390 ; 1908, 489. 
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Chap. XV. under the heading “ Conversion of Oleic Acid into Candle 
Material.” Hero it may suffice to state that A. de Hemptinne ^ 
succeeded in reducing oleic acid to stearic acid by silent electrical 
discharges in an atmosphere of hydrogen, but as not more than 50 
per cent of oleic acid was converted into stearic acid by this method, 
it is useless as a commercial process. Complete reduction can be 
obtained by applying Sabatier and Senderens catalytic process (nickel 
catalyst in a current of hydrogen). By this method Bedford^ and 
LewkowitscJi^ succeeded in reducing oleic acid to stearic acid with a 
practically theoretical yield. Paal and Roth^ showed that oleic acid 
can be reduced in the cold by means of hydrogen in the presence of 
colloidal palladium. They thus obtained from oleic acid 60 per cent 
of the theoretical yield of stearic acid. (With regard to the formation 
of isooleic acid, see above, p. 173). 

On heating oleic acid with zinc powder to a temperature of about 
350'^ C., there are formed carbon dioxide, hydrogen, hydrocarbons, 
liquid and solid olefinic hydrocarbons, the bulk of which distils at 
270° to 300° C., and contains eighteen atoms of carbon in the molecule.^ 
There are further formed a certain amount of lower hydrocarbons, 
as also higher hydrocarbons, thus indicating that degradation as well 
as polymerisation run concurrently with the principal reaction. 

By heating oleic acid with zinc dust in a current of hydrogen at a 
temperature of about 250° C. the author found (in conjunction with 
Pick^) that a large amount of oleic acid was converted into hydro- 
carbons ; at a temperature of about 350° C. complete conversion into 
gas and hydrocarbons took place. Jf the temperature was kept below 
200° C., very little destruction of oleic acid occurs. 

Lifichutz'^ indicated a spectroscopic method for the recognition of 
the smallest quantities of oleic acid in the presence of other acids. 

With regard to the separation of oleic acid from saturated acids, 
as also from less saturated fatty acids, compare Chapter VIII. 

For oleic anhydride see above, p. 147. 

Potassium oleate^ KCjgHjjgOg, forms a transparent, jelly-like mass, 
which is far more readily soluble in water, alcohol, and ether than the 
sodium salt. One part of the salt requires for complete solution 4 
parts of water, or 2-15 parts of alcohol, or 29-1 parts of boiling ether. 

Sodium oleafe, NaCigHgjOg. The pure salt is prepared by crystal- 
lisation from absolute alcohol (not from dilute alcohol). It dissolves 
in 10 parts of water at 12° C., or in 20-6 parts of alcohol, specific gravity 
0-821, at 13° C. It also dissolves in 100 parts of boiling ether. The 
anhydrous salt melts at 232°-235° C. 

^ P’nglish pateiji. 1.072, 1905; French patent 349,942; German patent 167,107 ; 
United Htates patent 797,112. 

Imng. Dissert. ^ Halle a/y., 1906, ® Jourti. Soc. Chem. Jnd., 1908, 489. 

■* Ikrichtc, 1908, 2283. ® Hebert, Jiull. Soc. Chm., 1903, 316. 

^ Unpublished experiments; cj). also Berichte, 1907, 4161. 

’ Hoppe-Seyler’s Zeits. /. physiol. Ohein.y 1908 (56), 446. Cp. also A. Manea, 
Chem. Zentralbl., 1908, ii. 1702. 
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Lithium oleate, L1C18II33O2, is soluble in hot alcohol, insoluble in 
ether, carbon bisulphide, and benzene. 100 c.c. of water dissolve at 
18° C. 0-0674 gram, and at 25° C. 0-132 gram. 100 c.c. of alcohol of 
the specific gravity 0-797 dissolve at 18° C. 0-9084 gram, and at 
25° C. 1-009 gram.^ 

Ammonium: oleate, NHj . The solubilities of the ammonium 

salt in alcohol, ether, and ac'ctone have been given above, p. 140). 
According to Wallerant ^ ammonium oleate forms “ licpjid crystals,” 
but A. Moldziejowshi^ showed that the “ li([uid crystals” can he 
obtained byevajiorating the aqueous or alcoholic solution at the ordinary 
temperature ; hence the observed structures must bo looked upon 
rather as an emulsion than as liquid “ crystals.” 

The metallic oleates behave with water much in the same manner 
as do the metallic salts of palmitic and stearic acids ; they are mostly 
soluble in alcohol, beuzem;, chloroform, carbon tetrachloride, carbon 
bisulphide, nitrobenzene, pyridine, and ])etroleum ether ; some are 
also soluble in ether (cp. Vol. III. Chap. XV. “ Salts of the Alkaline 
Earths and Heavy Metals ”). 

Calcium oleate, Ca(CjgH3302).2, forms a powder which is insolul)le 
iii alcohol and ether. It is somewhat soluble in concentrated sugar 
solution : thus 200 c.c. of a 10 per cent sugar solution, after digestion 
with oleate for one houi‘, dissolve at 19-5° C., 35° 0., 50° C., and 
65° C., 0-0661, 0-1767, 0-150, and 0-726 grm. respectively.® Calcium 
oleate in a solution of pyridine passes i hrough an india-rubber membrane. 

Bariiuu oleate, Ba^CjgHggO^).^, is a crystalline powdei- insoluble in 
water, and but sparingly soluble in boiling alcohol. At 100° C. it 
conglutinates without, however, becoming li<|uid. Dried barium 
oleate® is very sparingly soluble in hot benzene; in a mixture of 
hot benzene and absolute alcohol it dissolv(5S with great difficulty 
on boiling. In the ])resence of small amounts of water, however, 
barium oleate easily dissolves in hot benzene ; thus it is sullident to 
admix with bcjizene 5 per cent, or even less, of 95 per cent alcohol 
to elTect solution. The salt separates oid from the hot benzene solution 
on cooling almost completely (in the form of a crystalline powder 
consisting of long, very thin needles or laminje of silvery lustre) ; 
100 c.c. of the filtrate retain at 11° C. 0-015 grrn,, and at 17-5° C. 0-023 
grm. of barium oleate. With chloroform and petroleum ether the 
salt shows a similar behaviour. 

Aluminium oleate, Al(CjjjlI.^02)3, forms a jelly-like mass, insoluble 
in alcohol, and sparingly soluble in hot ether, in petroleum ether, and 
benzene. In the arts it is used as an “ oil-thickener ” (cp. Vol. III. 
Chap. XV.). 

Silver oleate, AgCj^jH^gOo, is almost insoluble in ether. (Difference 
from the silver salt of rosin acids.) 

^ FarUioil and Ferii*, Jrch. d. Pharm., 1903, 545, 

2 Covipt. rend., 1906 (143), 693, =* Zt-its.f. Krystatl. und Miner., 1913 (52), 1. 

^ Cp. Kahkmber^^ Trans. Avier. Etcdroehein. Sac., 1905 (5), 167 ; Kahlenberg and 
Anthony, Journ. dc chitnie 1906 (iv.), 358. 

® Zeits. f. angew. Chem., 1901, 1115. 

“ Fiirnsteiner, Zeils. f. Unters. d. Nahrgs- u. Genussvi., 1901, 63. 
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Copper oleate, Cu ( 0 ^ 3113302 ) 2 , melts at 100 ° C. to a green oil. It 
dissolves readily in cold ether (to a green solution), and also in alcohol 
(to a bluish-green solution). The salt crystallises in the shape of rods 
behaving like “ liquid crystals.” ^ Metallic copper dissolves in oleic 
acid with evolution of hydrogen.^ 

Lead oleate, Pb ( 0 ^ 3113302)2 (known already to Dioscorides), is a 
white powder, melting at 45°-50° 0. to a yellow oil.^ It is soluble in 
ether, and may thus be separated from the saturated acids (palmitic, 
stearic), and also from elaidic acid. This separation, however, is not 
a complete one.^ Lead oleate is also soluble in petroleum ether, but 
only slightly soluble in absolute alcohol (Twitchell). 

Meiiiylester, = 0-879; it boils at 212°-213° 0. under a pressure 
of 15 mm. 

Ethylesler, specific gravity 0-871 at 16° C.^ 

Amylester, - 0 - 8886 , d^^ = ()-S97 ; it does not solidify at 0 ° C. 

In near relation to oleic acid stands its geometrical isomeride, 
elaidic acid. 

Elaidic acid (discovered by Boudet in 1832 when studying the 
action of Poutet's reagent '^) is obtained by allowing nitrous acid fumes, 
or a nitrite and nitric acid, to act on ordinary oleic acid at the ordinary 
temperature ; after a short time the oleic acid is changed into its 
stereometrical isomeride, elaidic acid.® The separation of elaidic acid 
from unchanged oleic acid is readily effected by crystallisation from 
alcohol or ether, or by separating the lead salts by means of ether or 
benzene, Elaidic acid is also obtained by the action of sulphurous 
acid or bisulphites under pressure at elevated temperatures on oleic 
acid,® 

The acid crystallises from alcohol in plates melting at 44:-5° C.-'® 
The same melting point was observed by the author in the case of a 
specimen of repeatedly crystallised elaidic acid, prepared in his labora- 
tory, as also of a specimen carefully purified by Geitel.^^ Farnsteiner 
records the melting point 43-5°-44-5° C. Hence, Saytzeffs’ statement, 

’ K. Kichter, Zeitit. f. awjm. Vhem., 1907, 1613, 

“ C. B. Gates, Joimi. P/iys. Chem., 1911 (15), 138. 

■'* (t. B. Neave, Atialysl, 1912, 399. The older statement, Gottlieh’s {Liebig's 
A nnal,, 1845 [57], 38), that lead oleate melts at 80“ C., mnst he ahaiidoned. 

■* Gu.sserow, Arch. d. Pharni., 1828 (27), 153. The lead salt of a-olc;ic acid i,s 
practically insoluble in ether. 

® Lewkowit.sch, Joiirn. Soc. Ghem. hid., 1890, 846 ; cp. also Chap. VIII. 

® For some siigse.sted technical applicatioms of the ethylester, cp, Drcymann, French 
patent 343,158 ; English patent 10,466, 1905. 

^ Cp. Laurent, Annal. de, Chim. ei de Phys. 65, 149. 

® For the opinion of Gawalowski that two isomeric elaidic acid.s are formed, cp. 
Pham. Post, 1905 (38), 97. 

” Heating of 3-5 grins, of ole.ic acid with three drops of glacial acetic- acid for tliirty 
hours at 98° C, did not produce conversion into elaidic acid ; nor coiild conver.sion 
be affected by adding to the same qu.antity three drojis of glacial acetic acid and three 
drops of water and heating as above. In neither case the product solidified on being 
inoculated with elaulic acid, P, Rabe, lierichte, 1912, 2932. 

Cp. II. Meyer, Liebig s Annul., 1840 (35), 182. 

Analyst, 1899, 258. Zeits.f. (inters, d. Nahrgs- n. Genvssm., 1899, 6. 

Jonrn.f. prakt. Ghent., 1894 (60), 176. 
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that elaidic acid melts at 5r-52° C. (and solidifies at C.), must 

be accepted with reserve, C. =0-8505. 

Elaidic acid distils almost unchanged at reduced pressure. The 
following boiling points were ascertained by Krafft and Nordlinger 

Boilinf? Point. Pressure. 

, niiu. Mercury. 

154 0 

225 . . . ^ .10 

234 . . . : . 15 

251-5 30 

256 ...... 50 

287-8-288-0 . . . . .100 

Like oleic acid, elaidic acid can be reduced to stearic acid by fuming 
hydriodic acid and phosphorus under pressure. Doubtless, catalytic 
reduction by means of hydrogen would effect the conveision more 
expeditiously. 

Elaidic acid can be converted in its turn into ordinary oleic acid 
by boiling iodostearic acid, prepared from elaidic acid, with alcoholic 
potash ; simultaneously some “ isooleic ” acid is formed. i 

On heating elaidic acid with sulphurous acid under pressure, about 
20 per cent is converted into ordinary oleic acid.^ By oxidation with 
potassium permanganate in alkaline solution in the cold, dihydroxy- 
stearidic acid is obtained,® whilst pelargonic, azelaic, and oxalic acids 
are formed as secondary products. Edmed ^ ascertained the following 
percentages of oxidation products : dihydroxystearidic acid melting 
at 99° C., 33 per cent ; pelargonic acid, 13 to li per cent ; azelaic acid, 
26 per cent ; oxalic acid, 15-20 per cent (cp. above p, 182). Caro's 
reagent yields a dihydroxystearic acid which appears to be identical 
with the dihydroxystearic acid formed by oxidising elaidic acid with 
potassium permanganate {Alhitzky^). With melted caustic potash 
elaidic acid, like ordinary oleic acid, yields palmitic acid. By the 
action of concentrated sulphuric acid on elaidic acid, anhydrides are 
chiefly produced yielding 6-hydroxystearic acid on treatment with 
alcoholic potash.® 

The behaviour of elaidic acid to ozone simulates that of oleic acid, 
i.e. it forms an ozonide and a perozonide.'^ 

From these reactions it would seem to follow that elaidic acid is 
a stereometrical isomeride of oleic acid ; this may be expressed by the 
following synoptical formula : — 

COOH.ICHJ^CH. 

The barium, lead, and silver salts of elaidic acid are sparingly soluble 

^ Lebedeff, ilnd., 1894 (50), 61. Albitzky, ibid., 1900 (61), 6.5. 

^ lierichte, 1894, 173. Journ. Chetu. Soc., 1898, 631. 

” Journ. f. prakt. Glmn., 1903 (67), 357. 

“ Tscberbakolf and Saytzeff, ibid., 1898 (57), 27. 

’ Harries and Thieme, Liebig’s Amud., 1905 (343), 354 ; Harries and W. Franck, 
ibid., 1910 (374), 360. 
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in alcohol and ether. Lead elaidate simulates, as regards solubility, 
the lead salts of the solid saturated fatty acids (cp. p. 141). The 
following table gives some analytical data : — 


100 c.c. of 

l)is.solvo litvul Salt. 
Gnus. 

At* 0- 

Ether 

0 0016 to 0-0086 

16-20 

Benzene 

0 0040 

16-20 

,, after dissolving the salt in the 



hot and allowing to erystalliso. 

,, .il'tf-r 1 lioiir .... 

0-0148 

16 

,, after 17 hours .... 

0-0028 

Id 

Absolute alcoliol — after dtssolving the 



salt in the hot and allowing to erystalliso 
— alter 18 hours 

0-0100 

17 


Methjlester, dlS° C. = 0-872. 

Ethijlentef, C. = 0-868. 

Other elaidic acids obtained hitlierto aj-c : — 

(1) Tarela'idic acid, 6,7 elaidic acid, from tariric acid ^ by converting 
it into its monohydriodic-addition derivative and reducing the latter 
with zinc dust and acetic acid. This tarelaidic acid h)rm‘s small compact 
prisms melting at 52-5'^ C. The acid does not assimilate iodine in 
acetic acid solution, but absorbs two atoms of in-omine, and yields 
on oxidation with potassium permanganate eis 6,7, dihydroxystearic 
acid iiKjlting at 117-5° C. 

(2) 8,9 Elaidic acid (sec under Isooleic acid). 

(3) 9,10 Elaidic acid (see under Isooleic acid). 

(4) Petroselm-elaidic acid (see under Uetroselinic acid). 

“ Isooleic ” (“ Para-oleic ”), Solid Oleic Acid, is prep,ared, according 
to M., C., and A. Saijlzeff^^ by distilling /,-Iiydroxystearic acid under 
diminished pressure, when a mi.xture of ordinary oleic and isooleic 
acids, together with some unchanged hydroxystearic acid, passes over. 
Isooleic acid is isolated by allowing the mixture to crystallise from its 
ethereal solution and converting the crystallised acids into their zinc 
salts, which are exhausted with boiling alcohol, when zinc hydi’oxy- 
stearatc remains undissolved ; on cooling the filtered alcoholic solution 
of zinc isooleate and zinc oleate the former separates out. Isooleic 
acid is then liberated from its zinc salt by dilute sulphuric acid and 
purified by repeated crystallisation from ether. The mixture of the 
two isomeric acids can be more readily resolved into its components by 
crystallisation from petroleum ether.^ 

Isooleic acid is also formed when iodostearic acid, obtained from 
hydriodic acid and ordinary oleic or elaidic acid, is heated with alcoholic 
potash under a reflux condenser. The product contains isooleic acid, 
together with unchanged oleic acid. Isooleic acid assimilates the 

’ Arujuid and Fosternak, (Jmipt. rend., 1910 (150), 1130. 

“ M., C., and A. hjaytzdf, Jouni.f. predt. Chevi., 1887 (35), 386 ; 1888 (37), 269. 

^ Shukoir and Scbe.stakofl', ibid., 1903 (67), 416. 
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elements of hydrogen iodide, giving a liquid iodostearic acid which 
yields, on treatment with alcoholic potash, one unsaturated acid only, 
viz. isooleic acid (see above). From this M. and A. Saytzr^ cont-Juded 
that the iodine was attached to the a-carbon atom, and that the iodo- 
compound had the formula CjgHgg.CHI.COOH ; hence they assigned 
to isooleic acid the formula CH 3 (CH 2 )i 4 CH = CH.C()OH. This con- 
stitution has, however, been shown, by Le Stieur,^ to be erroneous. 
For on treating the above iodostearic acid with silver oxide a mono- 
hydroxyderivative melting at 82-85° C. was obtained. Since true 
a-hydroxystearic acid {Le Sueur) melts at 91-92° C., the hydroxystearic 
acid and the iodostearic acid which the Saytzeffs prepai’ed cannot be 
a-derivativcs. It should, moreover, be noted that the true a-iodostearic 
acid ^ is a crystalline substance melting at 66° C. By treating ordinary 
oleic acid with hydriodic acid and subsc(]uently eliminating the latter, 
at least the following three reactions would seem to take place ; (1) 
Conversion of oleic acid into its stereo-chemical isomeride ; (2) migra- 
tion of the double linking in the direction of the carboxyl groiq) ; (3) 
replacement of the iodine atom by hydroxyl. 

Arnaud and Poslernak^ found, however, on repeating Saytzeffii’ 
experiment that “ isooleic acid ” is not a chemical individual, l)ut 
represents a mixture of several “ oleic ” acids, from which the following 
substances have been isolated hitherto: (1) Ordinary 9,10 oleic 
acid, (2) ordinary 9,10 elaklic acid, (3) an 8,9 elaiebe acid, (4) a hydroxy- 
stearic acid. These four products do not yet exliaust the number of 
acids occurring in the mixture hitherto considered to be isooleic acid. 
Reasoning by analogy, the assumption is made by Arnaud and Poslernak 
that a further isomeride of oleic acid (or of elaidic acid) in which the 
double linking has been displaced in the opposite direction occurs in 
Saytzeffs isooleic acid ; it is likely that a second hydroxystearic acid 
will be found in this mixtuie. From the data given by Arnaud and 
Poslernak the composition of the mixture may be calculated to be 
approximately : 9,10 elaidic acid, 15 per cent ; hydroxystearic acid, 
18 per cent ; 8,9 and 9,10 elaidic acids, 36 per cent ; the remainder, 
containing ordinary oleic acid, is liquid. 

Ponzio assigned to isooleic acid the same constitutional formula 
as that given above (p. 178) for oleic acid. 

Jegorow ^ ascribes to isooleic acid melting point 42° C., prepared by 
Saylzeff’s method, the constitutional formula CH^. (CH.^)g.CH=-CH. 
(CH2)8C00H (see above, p. 175). 

In view of the discrepant observations detailed above, the nature 
of “ isooleic ” acid is open to doubt. Since, however, considerable 
quantities of “ isooleic ” acid occur in commercial stearic acid, obtained 
by “ acid saponification ” and subsequent distillation (cp. Vol. III. 
Chap. XV.), and a well crystallised product can be isolated, its char- 
acteristics are given in the following lines, with the reservation that 
these characteristics may belong to a eutectic mixture of several isomeric 
acids. 

^ Journ. Chem. Soc., 1904, 1709. '■* Ponzio, Gazz. chivi. ital., 1904 (34), ii. 77. 

^ Vompt. rend., 1910 (150), 1520. * Journ. f. prakt. Chem., 1912 (86), 639. 
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Isooleic acid is also formed in the catalytic reduction of oleic acid 
under certain conditions, especially if copper powder be used as the 
catalyst ; it would appear as if the formation of isooleic acid forms 
the first step in the hydrogenation process of oleic acid, the double 
linkage being forced to migrate from the central position towards the 
end of the chain. It would follow that isooleic acid is more readily 
hydrogenated than oleic acid (Lewkomtsch). 

“ Isooleic ” acid forms transparent, rhombic plates (from ether), 
melting from 44° to 45° C. It is very easily soluble in alcohol, con- 
siderably less soluble in ether. Like ordinary oleic acid, it absorbs 
two atoms of bromine or iodine in the cold, and undergoes the same 
changes as does oleic acid when treated with melted caustic potash. 
Dibrorno-isooleic acid yields on treatment with silver oxide jo-dihydroxy- 
stearic acid (cp. p. 229). Potassium permanganate yields a dihydroxy- 
stearic acid diSering from that obtained from ordinary oleic acid (cp. 
p. 228). On treating isooleic acid with concentrated sulphuric acid, 
and subsequently boiling the product with water, two isomeric hydroxy- 
stearic acids (see p. 225) are formed, differing in their behaviour when 
subjected to distillation in vacuo. 

Calcium salt, Ca(Ci8H3302)2 + H20, is insoluble in hot alcohol. 

Lead salt is considerably less soluble in ether than is lead oleate. 

(h) Eapic Acid, C18H34O2 

Rapic acid occurs, according to Reimer and Will,^ in the mixed 
rape oil fatty acids. The acid docs not solidify on cooling, nor does it 
yield a solid isomerido with nitrous acid. 

Reimer and Will assigned to this acid the formula of a hydroxylated 
acid, CJ8H34O3, which is extremely unlikely, as the acetyl value of rape 
oil is very low (cp. Vol. II. Chap. XIV.). Zelher^ showed later that 
rapic acid has the composition C18H34O2, by converting it into an iodo- 
corapound yielding stearic acid on reduction with zinc and hydrochloric 
acid. 

The sodium salt forms a gelatinous mass easily soluble in water ; 
the zim salt is crystalline, dissolves easily in alcohol and ether, and 
melts at 78° C. 

(c) Petroselinic Acid, CH3(CH2 )io.CH = CII. ( 0112)4. COOH 

The fatty oil of parsley seeds contains an “ oleic ” acid melting 
at 33°-34° C., solidifying at 27° C. ; = 1-4533. This acid is optically 

inactive. Its iodine value was found to agree with that demanded by 
theory. Petroselinic acid behaves in many respects like ordinary 
oleic acid. Nitrous acid converts it into a stereoisomeride (an “ elaidic ” 
acid), melting at 54° C. With potassium permanganate in alkaline 
solution petroselinic acid yields a dihydroxystearic acid, melting at 
122° C, (see p. 229). By treatment with melted caustic potash, acetic 
and palmitic acids are obtained as the chief products of the reaction. 

‘ Jaiirn. Soc. Chem. hid., 1887, 732. 2 ggj. 
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Petroselfnic acid absorbs two atoms of bromine with formation of a 
dibromide, which furnislies on heating with (methyl- or ethyl-) alcoholic 
potash under pressure a “ stearolic ” acid, C^Hg^Og, melting at 54° C., 
which would aptly be termed “ petroselinolic acid.” The ketonic 
acid obtained therefrom (melting at 80° C.) yields two stereoisomeric 
oximes, which are converted, by concentrated sulphuric acid, into 
amino acids. By heating the latter with concentrated hydrochloric 
acid, undecylamine, pimelic acid, and lauric acid were obtained ; hence 
Vongerichten and Kohler ^ assigned to petroselinic acid the constitution 
expressed by the above given structural formula. 

The amide crystallises in needles melting at 76° C. 

The barium salt crystallises in anhydrous needles. The lead salt 
is sparingly soluble in cold ether, readily soluble in hot ether ; it melts 
at 86° 0. 

{d) Cheiranthio Acid, C^gHg^Og 

This acid has been found amongst the mixed fatty acids of Cheir- 
anthus oil {Matthes and Boltze 2). 

The acid forms white silky needle-shaped crystals melting at 30° C. 

= 1-4535. The iodine value of the acid is given as 71-16, whereas 
the theoretical valuer of an unsaturated fatty acid CigH 3402 would be 
90. The acid had been isolated by recrystallisation from alcohol of 
a fraction of the distilled fatty acid boiling between 240° and 245° at 
12 mm. pressure. The neutralisation value of this fraction was 177-1 
and the iodine value 78-1. These latter figures, as also the above given 
melting point, would speak much more for an “ crucic ” acid than for 
an “ oleic acid ” ; this view is, however, not supported by the elementary 
analyses given for cheiranthic acid and the dihydroxystearic acid 
obtained therefrom. 

By treatment with nitrous acid cheiranthic acid yields an isomeride 
whicli melts, after rccrystallisation from absolute alcohol, at 51°-52° C. 
and has = 1-4520. By oxidation with potassium permanganate 
a dihydroxystearic acid is obtained melting at 180° and having = 
1-4570. This dihydroxystearic acid differs from the known dihydroxy- 
stearic acids (described below). 

It will be seen that cheiranthic acid very closely simulates petroselinic 
acid. 

Other “ oleic ” acids which are probably identical with either 
cheiranthic or petroselinic acid have been found by Scherer^ in the 
oils obtained from the seeds of Pimpinella anisum and Fwniculum 
capillaceum. These oils yielded respectively “ oleic ” acids of the 
melting points 30° C. and 30-5° C., and iodine values 73-5 and 86-15. 

(e) Liver Lecithin Oleic Acid, (CH2)ii.CH = CH. (CH2)4C00H(?) 

An oleic acid isolated from liver lecithin differs, according to Hartley,^ 

^ Jierichte, 1909, 1638 ; cp. A. Kohler, Inatig. Dissert., Weimar, 1909. 

? 'Arch. d. Phann., 1912 (250), 211. “ Inaug, IHsserL, 1909, Strassburg. 

4 Jour,i.f. Physiol., 1909 (38), 367. 
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from ordinary oleic acid in that it yields, on oxidation, a dihydroxy- 
stearic acid melting at 129-5° C. Further oxidation of this dihydroxy- 
stearic acid with a hot solution of potassium permanganate yielded no 
trace of pclargonic nor of azelaic acid. Hartley, however, found and 
identified amongst the products caproic acid, and also obtained (with- 
out, however, isolating tlie acid) some evidence as to the presence of 
a decametliylene dicarboxylio acid. Hartley ascribes to this oleic acid 
the constitution of a 6,7 oleic acid. This would, however, be con- 
tradicted by tlie constitution of petroselinic acid as given above. 
Moreover, Hartley states that this acid does not yield a solid isoraeride 
on treatment with nitrous acid, whereas the 6,7 acid described above 
as petroselinic acid does yield a higher melting isomeride. 

Doeglic Acid, 

The existence of this acid, which is stated by Scharlhiy ^ to occur 
in Ar(dic sperm oil as a dodecatyl ester, is doubtful. In Bull’s opinion 
(see below) “ doeglic ” acid is a mixture of oleic and gadoleic acids. 

Jecoleic Ai'id, CigTIggOg 

An acid of this composition is assumed by Heyerdahl to occur in 
cod liver oil,^ he having obtained a dihydro.xyiecoleic acid (cp. p. 230) 
on oxidising cod liver oil fatty acids with potas.sium permanganate. 
Jecolcic acid is .stated to form at least 20 per cent of the li<|uid fatty 
acids in cod liver oil (cp. “ Gadoleic Acid ”). 

Gadoleic Acid, C2oH3g0.2 

This acid occurs, according to Bull,^ in notable (juantities in cod 
liver oil, as also in herring and whale oils. It was prcpai'cd by converting 
Lofotes cod liver oil glycerides into methylesters by treatment with 
sodium methylate, and fractionation of the methylestej's in vacuo. 
The fraction boiling between 223° and 225° C. under 10 mm. j)ressure, 
and forming about 15 per cent of the total methylesters, yielded on 
saponification an acid melting at 21-5° C. The melting ])oint remained 
unchanged even after repeated crystalli.sation from (jold alcohol. 
The neutralisation value 180-5 and the iodine value 80-3 of the acid 
would seem to confiim the correctnc.ss of the formula 

By oxidation with pota.ssium permanganate in alkaline solution 
at 0° C., dihydroxy gadoleic acid is obtained. Bidl is of the opinion 
that .Scharling’s doeglic acid is a mixture of oleic and gadoleic acids. 

The neutral, as also the acid, potassium salts are very sparingly 
soluble in cold alcohol. 

The lead salt stands midway between oleic and erucic acids as 
regards its solubility in ether. 

^ Jonrn.f. prakt. Chem., 1848 (43), 257. 

(Jod Liver Oil arul Oticmistry, p. xcviii. ^ Berichte, 1906, 3574. 
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ERucin Acid^ 

li 

H- C.(Cir2)ii.C00H. 

El'ucic. acid (discovered by Darby in 1849), occurs in rape oil 
{Wehsky),^ in black and white mustard oils,^ in fish oils,^ wliale oil, 
and in cod liver oil ; ® the solid glyceride in the oil from Tropwolmn 
majiis (Vol. II. Chap, XIV.) is almost pure tri-erucin. The dried root 
matter of Bela vulgaris contains apjiroximately I8-G per cent of erucic 
acid.’^ The formation of erucic acid from ligustrol has been leferred 
to above (p. 1). The acid crystallises from alcohol in long, fine needles 
melting at 33'"-34° C. The following boiling points were ascertained 
by Krajjt and Nbrdliuger : — - 

IIoiliiiK Pciint. Pressure. 

' C. itiiii. Mercury. 

17U 0 

2r).ir> . . . .10 

2()4 15 

281 30 

Erucic acid much simulates oleic acid in its properties. Thus it 
absorbs two atoms of bromine or iodine. (The dibrornide forms crystals 
melting at 4(i'^-47'' C.) It also assimilates one molecule of ozone.® 
Like oleic acid it forms a perozonido {Thieitie*^). With nitrogen 
peroxide it gives an addition product which yields on decomposition 
with hydrochloric acid, nonylic and brassylic acids (sec p. 175). Nitrous 
acid, as also sulphurous acud and bisulphites under pressure at high 
temperatures (cp. “ Oleic Acid,” ]). 181), convert it into its stereo- 
meti'ical isomeride, brassidic acid, O.22H42O2. 

By heating with fuming hydriodic acid and pho.sphorus^^ it is i-educed 
to behenic acid. Complete conversion to behenic; acid is rc'.adily 
obtained by reducing with hydrogen in the presence of nickel 
{Lewkowitsch ^^). Melting with caustic potash splits it into acetic 
and arachidic acids. Oxidation witli potassium jiermanganate yields 
dihydroxybehenic acid. By oxidation with nitiic acid, nonylic and 
brassylic acids are obtained. 

The dibromide of erucic acid yields on treatment with alcoholic 
potash, a belienolic acid, a homologue of stearolic acid (see p. 236). 
From the behenolicacid a kcto-acid and its oximes are obtained similarly 

^ LielKTinaim, ibid,, 1893, 1869 ; cp. also Alo.\’.aiidroir and N. C. SaytzefT, Jonrn. /. 
praM. Chem., 1894 (49), 63. “ Liebig's Annal., 1849 (69), 1. 

■* Jahresbt richt F»rtsc.h, d. Chem., 1853, 443 ; cp. also Reiracr and Will, Berichte, 
1886, 3320 ; cp. also “Yellow Acacia Oil,” Vol. 11. Chap. XIV. 

^ The occurrence of erucic acid in grape .seed oil (Fitz, Berichte, 1871, 444) is doubt- 
ful ; cp. Vol. II. Chap. XIV, “Grape Seed Oil.” 

6 Hull, Chem. Zeit., 1899, 996. « Bull, Berichte, 1906, 3570. 

E. Neville, Journ. Chem. Soc., 1912, 1104. 

® Cp. T. Weyl, English patent 11,165, 1901. ” Inaeg. Dissert., Kiel, 1906. 

G. Goldschmidt, Bitzungb. d. K. K. Akad. d. Wisaenach., 1876 ^72), ii. 366. 

Unpublished observation ; cp. also Chap. VIIL “Erucic acid.” 
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as has been described above for oleic acid. These oximes are then 
broken down into pelargonic acid and 13 aminobrassylic acid on the 
one hand, and into octylamine and brassylic acid on the other. By 
these reactions the constitutional formula above given is confirmed. 

The ammonium salt melts from C. ; it is soluble in methyl- 

and ethyl-alcohol, sparingly soluble in ether, benzene, chloroform, cold 
carbon bisulphide, and carbon-tetrachloride {Falciola ^). 

The sodium salt of erucic acid melts at 230°-235° C. The lead salt 
is but sparingly soluble in ether, differing in this respect from lead 
oleate. 

Ethylester, boils above 360° C. without decomposition. 

CgHj^.CH, 

Brassidie acid, || 

COOH.(CH2)iiCH, 

crystallises from alcohol in lamina) melting at 65° C., and solidifying 
at 56° C. ; it boils in vacuo ut 180° C., and under a pressure of 15 mm. 
at 265° C. The acid stands in the same relation to erucic acid as 
elaidic acid does to oleic acid. By treatment with phosphorus and 
fuming hydi'iodic acid it is converted into behenic acid,^ 

Sodium salt, melts at 24.5°-248° C. The lead salt is sparingly soluble 
in hot ether. 

Ethylester, crystallises from alcohol in shining lamintc, melting at 
29°-30° C., and boiling above 360° without undergoing decomposition. 

“ Isoerucic ” acid, is obtained by boiling iodo-behenic acid with 
alcoholic potash. The iodo-behenic aend may be prepared from either 
erucic or behenic acid ^ (cp. “Isoolcic Acid,” p. 190). Ponzio,^ rejecting 
Saytzeff's formula CH3 . (CH2)i7 . CIl2 . CH = CH . COOH,’’ is of the opinion 
that the constitution of isoerucic acid is expressed by the same formula 
as that of erucic acid. 

Isoerucic acid crystallises from alcohol in plates melting at 54°-56° C. 
and solidifying at 52°-51° C. 

In view of the results obtained in the renewed investigation of 
isoolcic acid it is very likely that isoerucic acid also will be found to 
consist of a complicated mixture of isomeric erucic acids. 

Bromine in acetic acid solution yields dibromo-behenic acid which 
on treatment with alcoholic potash at 130°-140° C. is converted into 
behenolic acid, €113(0112)7.0 ; C. (CHgjuCOOH. On heating “iso- 
erucic ” acid with nitric acid, specific gravity 1-4, nonylic and brassidie 
acids, together with a small quantity of dinitrononane, are obtained. 

^ Oazz. chivi. ital., 1910, II. 435 (2ii<l fascicle of that year). 

“ G. Oohlschriiidt, Sitzungnh. d. K. K. Akad. d. Wissensch., 1876 (72), ii. 366. 

2 Alexaiidroir and N. Siiytzclf, Journ. f. praki. Ohem., 1891 (49), 58 ; Saytzelf, 
ibid., 1891 (50), 65. Oazz. chim. Hat., 1904 (34), ii. 60. 

® Journ. f. prakt. Chem., 1892 (45), 301. 
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III.— Acids of the Series C„H2n-40ij , 

(a) Ofen Chain Acids 
(ft) Acids of the Linolic Series 

The acids belonging to this series are characterised by their power 
of absorbing four atoms of halogen or two molecules of iodochlorido. 
According to MoUnari} they assimilate two molecules of ozone.^ Hence 
these acids may be looked upon as containing two pairs of doubly- 
linked carbon atoms. Hydrogen in the presence of a catalyst reduces 
them to saturated acids. They readily absorb oxygen on exposure to 
the air ; this important property is made use of in the arts {drying oils). 

i By oxidation with potassium permanganate solution in the cold they 
yield tetrahydroxylated acids (see p. 232). 

ISI itrous acid does not convert them into solid isomerides. (Difference 
from oleic and erucic acids.) 

The lead salts of these acids, like those of the oleic seiies, arc soluble 
in ethei. The barium salts are readily soluble in ether containing a 
small proportion of alcohol (cp. Chap. VIII. Difference from acids of 
the oleic series). 

Linolic Acid, CigllggOg^ 

Linolic acid occurs in considerable proportions in drying and semi- 
drying oils, and is most readily obtained from poppy seed, soya bean, 
maize, cotton seed, and sesame oils, by brominating their mixed fatty 
acids, preparing, by recrystallising from petroleum ether, the tetra- 
bromide of melting point 114° in a pure state, and reducing the latter 
with zinc and a methylalcoholic solution of hydi’ochloric acid. The 
methylcster of linolic acid thus obtained is saponified in the cold with 
alcoholic soda or potash, and linolic acid is liberated from the soap by 
acidulating with a mineral acid {RoUetl). The acid is finally purified 
by distillation in vacuo. Recent investigations have shown that a 
large number of non-drying oils (almond, arachis, olive), and even solid 
fats (hare fat, horse fat, lard) contain notable quantities of linolic acid. 

Reformatzky^ claimed to have prepared the pure acid by hydro- 
lysing pure ethyl linolate ; his “ linolic ” acid consisted, however, of a 
mixture of the unsaturated linseed oil acids (cp. “ Linseed Oil,” Vol, 11. 
Chap. XIV.). 

Linolic acid is a water-white oily liquid, which remains fluid at a 
temperature of -18° C. ; C. =0*9026; boiling point 229°-230° C. 

^ Beric/Ue, 1908, 585 ; 2782. 

^ C|). also Thienie, hiaug. Dissert,, Kiel, 1906. 

^ Goldsobel {Journ. Russ. Phys. Chem. Soc., 1906 (38), 182) is of the opinion that 
the formula CH 3 (Cn 2 h.Cll.-=CH.CH 2 .CH=CU . (CH 2 ) 7 .COOH probably represents 
best the constitution of linolic acid, and finds confirmation { ibid., 1910 {i2), 55) in the optical 
properties, a second possible formula CH., .(OHa) 5 .CII = CH .CH = CH(CH 2)7 .COOH 
requiring higher molecular refraction and dispersion than was actually found for his 
"linolic” acid. These deductions lo.se, however, their weight in view of the fact that 
“linolic ” acid is most likely a mixture of two linolic acids. 

■* Journ. iioc. Chem, hid., 1890, 744. 
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under 16 mm. pressure, and 228° under 14 mm. pressure. It has a 
slightly acid reaction, and dissolves readily in alcohol and in ether. 
Nitrous acid does not produce a solid isomeride (important difference 
from oleic acid). Linolic acid absorbs oxygen rapidly from the atmo- 
sphere ; when exposed to the air in a thin film it is converted into a 
solid resinous substance within a few days ; after more prolonged 
exposure it forms a neutral body (frequently described as “ linoxyn ” ^), 
insoluble in ether. 

Linolic acid dissolves readily in concentrated sulphuiic acid ; the 
resulting sulpho-compound is insoluble in })etroleum ether.^ The 
product formed by the interaction of equal molecules of linolic and 
sulphuric acids leads to the addition of two molecules of sulphuric acid 
to one molecule of linolic acid, so that half of the linolic acid remains 
intact (//. ScJwenfeld ^), much as on treatiiig linolic acid with one 
molecule of bromine no dibromide is obtained, one-half of the linolic 
acid yielding tetrabromide. 

On brominaiing linolic acid with two molecules (4 atoms) of bromine 
in etheieal oi- chloroformic solution the crystalline tetrabromide 
C^gH^oO^Br^, melting at 114°-115° C. {Hazara) ; 114° C. {Lewkowitsch) ; 
11‘3°-114° 0. {Fanisteiner) separates out. Excess of bromine does nut 
produce the liexabromostearic acid obtainable from linolenic acid 
(p. 207) ; a certain quantity of linolic acid is, however, converted into 
another bromide, soluble in petroleum ether at the ordinary tempera- 
tuj‘e.‘* At a higher temp(!ratui-e more of the liquid tetialnomide 
appears to be formed. 

Bedford'^ therefore expres.sed the opinion that there exist two linolic 
acids, which he differentiates as a-linolic and ^-linolic acids ; of tlicse 
a-linolic acid yields the solid bromo-deilvative, whereas /5-linolic acid 
yields a liquid brorno-derivative (cp. Vol. 11. f^hap. XIV. “ Linseed 
Oil ”). But the experimental t)roof for this assertion is wanting. 
Rolleft ® obtained from |)ure linolic acid in .sevei-al experiments an 
amount of crystalline tetrabromide not e.xcecding 50 per cent of the 
theoretical yield, the remainder forming a li<juid tetrabromide ; from 
the latter a linolic acid can be obtained by reduction which yields again 
the crystallised tetrabromide, melting at 113°-1M°, but only to the 
extent of 26 per cent of the theoretical ([uantity. Hence Rolleft rejects 
the view that two isomeric linolic acids exist, and rather favours the 
view, that on brominating linolic acid two stereo-isomeric bromides are 
formed, each of which should represent a racemic compound, resolvable 
into optically active enantiomorphous substances. 

These views are hotly contested by Erdmann and- Bedford’, more, 
liowever, on the strength of their objections to RoUelCfi theory in con- 
nection with linolenic acid than on the strength of experimental evidence. 
The results obtained by oxidising “ linolic acid ” would, however, 

> Ibid., 1888, 680. 

Twitclicll, ibid., 1897, 1004. hmua. Irissert., Ziiridi, 1912. 

* Cp. Iteformatzky, Juvrn. f. prnkt. (Ilirm., 1890 (41), 629; Haziira, Monatsh. f. 
(Jhein., 1888 (9), 180 ; Rollctt, Zeif. /. p/n/.nol. Clmn., 1909 (62), 410. 

^ Inavy. iJis-sert., Halle a/S., 1906. Hp. al.so Fokin, Zeds. f. Zicktrorhem., 1906, 
759. IIi)j>i)e-tieyler s Zeits. f. physiol. Chein., 1909, 410; 421, 
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point to the existence of two isomeric linolic acids in the “ linolic ” 
acid obtained from linseed oil (see below). 

The crystallme tetrahromide, melting at 114° C., is easily soluble in 
ether, alcohol, benzene, chloroform, and glacial acetic acid, but is 
sparingly soluble in petroleum ether (important difference from oleic 
acid, cp. Chap. VllL). By treatment with zinc and alcoholic hydro- 
chloric acid it is reduced to linolic acid. 

The liquid teirahromide is readily soluble in petroleum ether, for even 
after the removal of the bulk of the petroleum ether no crystalline 
compound separates out. Matlhes and BoUze} however, succeeded in 
obtaining silky scales, melting at 54°-55° C., by evap(trating tlie 
petroleum ether solution of the liquid tetrabromide to dryness and 
recrystallising the residue from methyl alcohol. After recrystallisation 
fi’om absolute alcohol these crystals have the constant melting point 
57°-58° C. It would appear that Farnsleiner had obtaiiu'd already 
indications of this crystalline compound (cp. “ Telfairh; Acid,” p. 200). 

On oxidising linolic a(ud with a dilute solution of potassium per- 
manganate in the cold, Hamm obtained tetrahydroxystearic (sativic.) 
acid, (^ 18 ^^ 30 ^^0 (^‘P- P- obtairuid on oxidising pure linolic 

acid 40-7 per cent of tetrahydroxy acid, melting at C. After 
reci'ystalli.sing six times from alcohol, the meeting point was still 156°- 
169°. By boiling the substance with 50 parts of benzene, where})y a 
very small quantity of a foreign substance was extracted, and after- 
wards recrystallising from alcohol, sativic acid, melting at 17r'’-173° 0. 
was obtained. It would thus appear that two isomeric tetrahydroxy- 
stearic acids, the existence of which has been shown by 11. Meyer and 
11. Beer (see p. 233), had been obtained from one and the same linolic 
acid. 

Pelers and Refornialzhy claim to have obtained stearic acid by heating 
“ linolic acid ” with phosphorus and hydriodic acid to 200° C. lii view 
of Goldschmidt's experiments with oleic and erucic acids under the same 
conditions, no doubt need bo entertained as to these observers having 
actually obtained steari(^ acid. (The linolenic acid which their raw 
material contained would also have yielded .stearic acid.) 

Linolic acid is readily reduced to stearic acid by hydrogen in the 
presence of a cataly.st. 

A mmonium, linolate melts at 57°-58° C. ; it is easily .soluble in methyl- 
alcohol, carbon bisulphide, carbon tetrachloride, chloroform, and warm 
benzene and acetone ; sparingly soluble in ether {Falciola).* 

Potassium linolate, CjgHgjOgK, forms a white crystalline mass 
easily soluble in alcohol, less readily soluble in water. On exposure to 
the air the salt becomes rapidly yellow ; above 200° C. it turns dark 
brown with decomposition {H. Bchoenfeld).^ 

The 'potassium salt of ike tetrabromide, CjgHgiBr^OgK, forms a white 
cry.stalline powder, melting at 171° C., easily soluble in alcohol, sparingly 
soluble in water. 

> Arch. d. Pharm., 1912 (2.^)0), 225. 

^ Zeits. f. Unters. d. Nahrgs- u. Gemmm., 1899, 19. 

* Zcits.f. physiol. Chem., 1909, 421. 

■* Gazz. chim. ital., 1910, ii. 431. '' Inang. Dissert., Zurich, 1912. 
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The metallic salts of “ linolic acid ” are amorphous, with the 
exception of the zim salt. Barium and calcium linolates are soluble 
in boiling alcohol. The calcium, barium, zinc, copper, and lead salts 
dissolve in ether. Bariwn Imolate is easily soluble in benzene and 
petroleum ether (important difference from barium oleate). The lead 
salt of the tetrabromide melting at 114° C., is sparingly soluble in cold 
ether and in benzene ; it dissolves easily in a mixture of two parts of 
benzene and one part of alcohol in the hot, and separates out in crystals 
on cooling. Linolates absorb oxygen more readily than does the free 
acid (cp. “ Driers,” Vol. III. Chap. XV.). 

Methylesler, obtained from the crystalline tetrabromide by treatment 
with granulated zinc and methyl alcohol containing hydrochloric acid 
gas (one tenth normal acid), distils at 221°-224° C. under a pressure 
of 35 mm., at 211°-212° C. under 16 mm., and at 207°-208° C. under 
11 mm. pressure. =0-8886. Iodine value 172-3 (theory 172-8). 

For other isomerides of linolic acid, obtained by the action 
of heat on ricinoleic and ricinelaidic acids respectively, see pp. 214, 
220 , 


Millet Oil Acid, 

The individuality of this acid, which is assumed by Kassner ^ to 
occur as a glyceride in millet seed oil (see Vol. II., “ Millet Seed Oil ”), 
is doubtful. 


Teleairic Acid, ^181^32^2 

This acid occurs in kocme oil ; ^ and has been isolated by fractional 
distillation of its liquid fatty acids. It solidifies at 6° C. and boils at 
220°-225° C. under a pressure of 13 mm. Byo.xidation with potassium 
permanganate in dilute alkaline solution at 0° C. a tetrahydroxystcaric 
acid, melting at 177° C., is obtained. Its tetrabromide melts at 
57°-58° 0. 

This melting point coincides with that of the tetrabromide described 
above (p. 199) under the heading of lujuid tetrabromide, and suggests 
identity of the products. 


El;eomargaric Acid, El^ostearic Acid, CigHggOg 

Eleeomargaric acid occurs in tung oil (Chinese, and Japanese wood 
oil) and crystallises in rhombic plates melting at 48° C. {Chez, Maquen7ie), 
43-8° C. {de Negri and Sburlati), 43°-44° C. (Kaiuetaka). It readily 
absorbs oxygen from the atmosphere and is thereby convefted into a 
resinous mass,® In an alcoholic (or ethereal) solution the acid remains 
unchanged if protected from light ; on exposure to light, however, 
crystals melting at 71° C. are deposited from the solution. These 

^ Jouru. Chem. Soc., 1888, ALstr, 673. Airh. d. Pharm. 2‘2C>, 1081. 

“ Thomas, Arch. d. Pharm., 1900, 238, 48. 

3 Cp. Kill. Chem. Itevue, 1904, 1190. 
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, crystals have the same composition as elseomargaric acid. According 
to Maquenne} the higher melting acid, termed by Chez elieostearic acid, 
is a stereometric isomeride of elseomargaric acid, and stands to it in the 
same relationship as does elaidic acid to oleic acid. Maquenne ascer- 
tained that the elseomargaric acid to which Chez had ascribed the 
formula C17H3QO2, contained 18 carbon atoms and assigned to it the 
formula C^gHg^Og. He proposed to term “ elseomargaric acid ” “ a-eloeo- 
stearic acid,” assigning to the isomeride melting at 71° C. the name 
^-elsoostearic acid. 

The author has not adopted tlie name elaeostearic acid, as it was 
found in his laboratory that the composition as expressed by the 
formula CjgHgoOg must be incorrect, inasmuch as no ether-insoluble 
bromide could be obtained from tung oil. Later on, Kametaka ^ showed 
that the true composition of the acid is CjgHggOg. The acid must be 
considered a stereoisomeride of linolic acid, since on biomination it 
yields a tetrabroraide, identical with the crystalline tetrabromide 
obtained from linolic acid. 

On oxidising elaeomargaric acid with potassium permanganate 
Kametaka^ obtained di hydroxy stearic acid, azelaic acid, and an unknown 
crystalline-substance melting at 123°-125° C., soluble in water and 
alcohol, but insoluble in ether. Sativic acid vas not found ; in Kame- 
taka’s opinion this is probably due to the temperature during oxidation 
having been too high, the sativic acid at first formed having been 
further oxidised L') azelaic acid. 

Treatment of elaoomargaric acid with five times its weight of con- 
centrated sulphuric acid yielded no definite products. As this behaviour 
differs from that of behenolie and stearolic acids, which contain trebly- 
linked carbon atoms, Kamelaka draws the conclusion that ela3omargaric 
acid contains no triple bond. 

A more recent examination by Majima confirmed the composition 
CigHggOg, and therefore the name “ elceostearic ” may bo acceptable. 
The “ eljjeostearic ” acid, prepared by Majima, following Kametaka’s 
directions, melted at 48°-49° C., and boded under 12 mm. pressure 
in an atmosphere of carbon dioxide at a temperature of 235° 0. 

Ela30stearic acid, treated in chloroform solution with ozonised air at 
0° C. until bromine is no longer assimilated, absorbs two molecules of 
ozone {Majima yielding the ozonide C^gHggOg. This ozonide is decom- 
posed, by boiling with water, into ?i-valeraldehyde, normal valeric acid, 
the semi-aldehyde of azelaic acid, and azelaic acid. The conclusion de- 
rived therefrom that elaeostearic acid has the constitution CHg {CH2)3CH 
-CH.(CH2)2CH = CH(CH2)7.C00H is, however, no longer maintained 
by Majima.*^ By reducing elaeostearic acid by means of an electric 
current, Fokin obtained stearic acid. This acid was obtained in 
quantitative yield by catalytic reduction {Majima and Okada).^ 

1 Cuiiipt. rewL, 1902 (135), 696. - Walker ami Warburtoii, A nalyst, 1902, 237. 

^ Journ. Cheiii. Sac., 1903, 1012. 

* Journ. Coll. Scien. Imp. Vniv. Tokyo, 1908 (25), Art. 3. 

® Bericlite, 1909, 674. 

]bid., 1912, 2730. Cp. also R. S. Morrell, Journ. Chan, ^^oc., 1912, 2083. 

^ Zc.its. f. EUktrochem., 1906, 759. 
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Fokin ^ recently proposed the following constitutional formula for 
ehcostearic acid ; — 

CH3 . (CHJa . CH - CH . C H = (CH3 )„COOH 

Methijleder, decomposes on warming, becoming dark coloured and 
giving off a disagreeable odour. 

Ethylesfer, distils at 230^-240” C. under a pressure of 25 mm. 


(ft) Acids of the Tariric Series. 

Acids belonging to this series are isomeric with those of the linolic 
series, but differ most essentially from them by containing one triple 
bond. Hitherto only one representative of this series has been found in 
nature, viz. tariric acid. 

This acid absorbs four atoms of bromine to form a saturated acid. 
The formation of a di-iodide is only effected by agitating with iodine 
ill a solution of glacial acetic acid at 5(r or CO'' C. ; a tcti-a-iodo addition 
product could, however, not be obtained. With UUhl's solution only 
one molecule of iodo-chloride is absorbed. This a])])eai's to be a chai- 
acteristic property of fatty acids having a triple bond, and would seem 
to allow to distinguish them chemically from the isomeric linolic acids 
having two double bonds. In this and in other respects tariric acid 
simulates completely the acids of the “ sfearolic series,” which are 
dealt with separately, as they arc not found in nature. 

The (piestion whether tariric acid is identical with stearolic acid, 
is denied by GriUzner ^ not only on a(.-count of the difference in their 
melting points (stearolic acid melts at 48"" C.), but also because of the 
difference of their bromo-derivatives and of the solubilities of their 
respective salts, Arnaud and Hasenjratz also deny the identity of 
stearolic acid with tariric acid, as the former yields on oxidation (with 
nitric acid), pelargonic and azelaiV; acid, whereas tariric acid leads to 
lauric and adipic acids. 


Tariric Acid, CjhH 3202 = CT13. (CTIj,)ioC = C(CH2)4.COOn 

Tariric a(;id has been found ^ in the oil from the seeds of the Guate- 
malan “ Tariri,” Picramnia Eow, Aublet, in the oil from Picramnia 
Camboita, Engl.,^ and in the oil from Picramnia Lindeniana, Tulasne. 
In the last-named oil it occurs to tlie extent of 20 per ceut.^ It melts 
at 50’5'^ C. and absorbs four atoms of bromine ; the tetrabromide melts 
at 125^^ 0. The dibromide of tariric acid, melts at 32“ C. 

{Arnaud,^ Grulzner). 

By reduction of tariric acid with hydriodic acid and amorphous 
phosphorus, stearic acid® is obtained. By oxidation with fuming 

' Jnunu Hhss. PIu/s. Chan. Soc., 1913 ( 45 ), 283 . 

“ (Jiiitzrier, Chan. ZnL, 1893, 879, 1851. Cnmpt. rend., 1892 (114), 79. 

■* Grutziier, Chan. Zeit., 1893, 879, 1851. •' (Irimino, <*heni. Rev., 1912, .51. 

® Ariiauil, Cnmpt. rend., 1896 (122), 1000. 
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nitric acid, lauric and adipic acids are formed. Hence Arnaud ^ ascribes 
to tariric acid the above given constitutional formula. 

By oxidation with potassium permanganate Arnaud and Hasenfmtz 
obtained lauric and glutaric acids on the one hand and imdecylic and 
adipic acids on the other, the proportion of the two groups of oxidation 
products being ap})roximately of 4:1. By carefully regulated oxidation 
the diketonic acid — taro.xylic acid - - CH 3 . (CH 2 )iO • • (CH 2)4 

COOH, is obtained. 

The 'potassium salt is only slightly soluble in 98 per cent alcohol, 
100 parts of the latter dissolving 2-48 parts at 15° C. 

The barium salt is amorphous and i-emains stable up to 180° C. ; it 
is very slightly soluble in boiling alcohol. 

The siloer salt crystallises in fine needles. 

'Tariric di-iodide, CjyH 3 . 2 l 202 , is obtained by allowing the theoretical 
quantity of iodine to act on a solution of tariric acid in glacial a(‘etic 
acid solution. It crystallises (from alcohol) in fine colourless lujedles, 
melting at 48*5° C. The ammonium salt crystallises in long hard 
needles which are slightly solul)le in cold alcohol (diflerence from 
di-iodo-steai‘olic acid). By j(‘(luction with, zinc arul Ijydrochloric acid, 
t-he iodine is easily removed with regeneration of the original tariric 
acid {Arnaud and Fosfcrnak “). 

Tariric mo n oh pdr iodide, is obtained by passing one molecule of 
hydriodic acid through melted tariric acid. By reduction with zinc 
and glacial acetic acid it yields tarelaulic acid ((‘p. above). 


{h) Cyclic Acids — Acids of the Chaulniooyric Series 

The acids belonging to this group dilfer from the o])en chain acids ” 
in that they are cyclic com])ounds, and therefore contain only one pair 
of doubly-linked carbon atoms. In accordance therewith, they absorb 
two atoms of bromine or iodine. Bi-om an exhaustive study of these 
acids, especially of their oxidation [)roducts (see below), BarrmvrUff and 
Power ^ arrive at the conclusion that the constitution of these acids 
must be expressed by the following tautomeric formula) : — 

ClI • Clio 

/ \ / \ 

CH CH(CH,),,COOH Cll — C(CIl2)«C00H 

I I ■ II 

OHj— CHj CHj— CH2 

which may be summarised by the following formula, in which the 
dotted lines indicate the state of equilibrium between one hydrogen 
atom and two carbon atoms : — 

^ Aniaiul, Ompt. rout., 1902 (134), 473, 842; cp. also Arnaud and llasenfratz. 
Ibim, 1911 (i:.2), 1003. 

“ Qmpt. rend., 1909 (149), 220: Frendi palrnt 407,412; Engli.sli patent 24,721, 
1909 ; U.S.A. Pat. 982,656 ; Arnaud ami Pusternak, F. lloll'inann— La Roche and (Jo. 

^ Arnaud and Postcrnak, Compt. rend., 1910 (150), 1130. 

^ Journ. Chevi. iSoc., 1907, 577. 
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(3h 

/ : \ 

CH— H...C(CH2)„C00H 

I I 

CHg CHg 

These acids are remarkable on account of their property of rotating 
the plane of polarised light. Several homologues belonging to this 
series exist in chaulmoogra, Iiydnocarpus, and lukrabo oils (see Vol. II. 
Chap. XIV. “ Chaulmoogra Oil Group ”). Hitherto only the two 
following homologues have been prepared in a pure state. 

Hydnocarpic Acid/ CigllggOg 

Ilydnocarpic acid was isolated from the mixed fatty acids of hydno- 
carpus oil by crystallisation from alcohol. The acid also occurs in 
chaulmoogra and lukrabo oils in association with chaulmoogric acid. 
It crystallises (from alcoliol) in the form of lustrous leaflets, melting at 
C., sparingly soluble in the usual organic solvents in the cold, 
with the exception of chloroform, which dissolves the acid easily. 
[aj,,= +68-1°. Like chaulmoogric acid, it undergoes a change on 
keeping, acquiring a yellow colour ; at the same time the melting point 
is lowered. If it be then distilled under diminished pressure, a brown 
resinous substance is left in the distilling flask. This change takes 
place more readily with hydnocarpic acid than with chaulmoogric acid. 

On oxidation in alkaline solution with an excess of potassium 
permanganate, there are obtained : n-decanedicarboxylic acid (CH 2 )io 
(C00H)2 and a tricarboxylic acid melting at 60® C., most likely having 
the constitution of a n-tridecane-aa'y-tricarbo.\ylic acid, (j 02 H.(CH 2)2 
CH. (COOH)[CH2]ioC 02H. Hydnocarpic acid is not attacked by 
melted potassium hydrate, even at 250° 0. The aqueous solution of 
the sodium salt is at once decolourised by potas.sium permanganate in 
the cold. 

Methylester^ colourless oil, boiling at 200°-203° 0., solidifying to 
colourless crystals, melting at 8° C. [a]„== -j-OLG®. 

Chaulmoogric Acid, CigHggOa 

This acid ^ occurs in chaulmoogra, Iiydnocarpus; and lukrabo oils. 
It is obtained from the mixed fatty acids of chaulmoogra oil by crystal- 
lisation from petroleum ether, followed by distillation under diminished 
pressure and recrystallisation from alcohol. It crystallises in colourless 
glistening leaflets, melting at 68° C. when freshly distilled, and boiling 
at 24:7°-248° C. under a pressure of 20 mm. [a]u= -i-62-l° in chloro- 
forraic solution.® After keeping for some time the specific rotation 
somewhat diminishes and the acid acquires a yellowish colour. If it be 
then again distilled, a dark brown substance is left in the distilling flask. 

* Power and Harrowcliff, ibid., 1905, 895 ; Barrowcliff and Power, ibid., 1907 577. 

Power aivl Ooriiall, Journ. Ckem. Sar., 1904, 863. 

Barrowcliir and Power, ibid., 1907, 665. 
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On treating chaulmoogric acid with hydrobromic acid in glacial 
acetic acid, bromodihydrochaulmoogric acid, C^gHagBrOa (melting at 
C.) is formed. This acid is optically inactive. By reducing 
chaulmoogric acid with zinc dust and alcohol, dihydrocliaulmoogric acid, 
^18^34^2 (^^^Iting at 71°-72'^ C., and boiling at 248° C. under a pressure 
of 20 mm.), is formed. This is a saturated acid, and is also optically 
inactive. The same acid is obtained by treating chaulmoogric acid 
with hydriodic acid and phosphorus, a hydrocarbon chaulmoogrene, 
CigHg^ (boiling at 193°'194° C. under 200 mm. pressure), being obtained 
as a by-product. Chaulmoogric acid is not attacked by fused caustic 
alkalis, even at 300° C. On oxidising chaulmoogric acid in the cold with 
an alkaline solution of potassium permanganate equivalent to two or 
throe atomic proportions, two isomeric a(*ids arc formed : a-dihydroxy- 
dihydrochaulmoogric acid (melting at 105° C. ; [a]„^ +11-6°), and 
/3-dihydroxydihydrochaulmoogricacid (melting at 93° C.; [a]„^ - 14'2°), 
at the same time formic acid is produced. On oxidising chaulmoogric 
acid with an excess of potassium permanganate in alkaline solution a 
tricarbcixylic acid, CjgHggOg, melting at 68° C., is obtained, together 
with w-dodecanedicarboxylic acid, [CH2 Ji2(002H)2, a smaller quantity 
of a n-undecanedicarboxylic acid, [CH2]ii(^^^2^)2) smaller 

quantities of oxalic and malonic acids. 

On allowing sodium to act on chaulmoogric acid in amyl alcohol solu- 
tion in the hot, chaulmoogryl alcohol, CigHggOH (melting-point 36° C. ; 
[a]i3- -t-38’4°) and chaulmoogryl chaulmoograte, C17H31 . CO2 . 

^ 18^33 

(melting point 42° C.) are obtained, together with unchanged cliaul- 
moogric acid. 

Methylester, molts at 22° C., boils at 227° C. (corr.) under a pressure 
of 20 mm. ; - 0-0119 ; [ajl‘i’==^ -f-50° in chloroformic solution. 

Ethylester, a colourless oil, boiling at 230° C., under a pressure of 
20 mm.; = 0-9079 ; [a]o = 4-50-7°. 


IV. — Atans op the Linolenic Series C,tH2/i -6^2 

The acids of this scries assimilate six atoms of bromine, or three 
molecules of iodochloride. This might be due to the presence of two 
pairs of trebly linked, or of three pairs of doubly linked carbon atoms. 
Since linolenic acid absorbs three molecules of ozone {Molinari), it may 
be assumed to contain three pairs of doubly linked carbon atoms. 
Linolenic acid can be reduced to stearic acid ; hence a straight chain of 
eighteen carbon atoms must occur in the molecule. 

These acids readily absorb oxygen from the air, a property of which 
extensive use is made in the arts {drying oils). 

The lead and barium salts are easily soluble in ether. Nitrous acid 
does not yield solid isomerides. With regard to the separation of these 
acids from those of the other series of unsaturated acids, see Chap. VIII. 
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Linolenio Acid, ^ 

Linolenic acid occurs in notable, quantities in all vegetable drying 
oils, especially in linseed oil (cp. Vol. II. Chap. XIV. “ Diying Oils ”). 
The acid was first prepared by Hazum^ from the crystalline hexa- 
bromide^ obtained by brominating the mixed liquid acids of linseed 
oil (cp. Chap. VIII.). This hexabromide (see description below), 
yields linolenic acid by reduction with zinc and alcoholic hydrochloric 
acid. The acid obtained by Hehner and Mitchell ^ was a nearly colour- 
less oil, of the specific gravity 0-9228 at 15-5° C. (water at 15-5" C. -1), 
and is stated to have a fishy odour. Bedford prepared it by boiling the 
hexabromide with alcohol and rasped zinc (whereby the bromine is 
removed in about one hour). This acid was an almost colourless oil of 
a faint, but not unpleasant smell (not recalling that of fish) ; it was also 
prepared by the reduction of the ethylester of hexabromo-linolenic, acid 
(see below). It distilled in vacuo (0-001 to 0-002 mm. pressure, rise of 
vapours above tlie Ii(juid 75 mm.) at 157''-158'^ C. without undergoing 
decomposition. Linolenic acid, prejiared by Rollett ■'* by saponification 
of the iiiethylester boiled between 230^" and 232''' C. at 17 mm. pressure, 
and had 0-91 11. 

Erdmann and Bedford ^ assume the existence of two linolenic acids, 
which they differentiate as a- and j3-linolenic acids. In their view 
a-linolenic acid is the acid occurring in linseed oil, and yielding quantita- 
tively the crystalline hexabromide melting at 180° C. Since the 
“ linolenic acid ” from this hexabromide yields, on rebromination, only 
23 per cent of the original hexabromide, Erdmann and Bedford assume 
that the remaining 77 per cent consist of a “ j8-linolenic ” acid, a liquid 
acid, which was assumed to absorb four atoms of bromine only. (This 
liquid tetrabrornide had been looked upon by Hazara as an ether- 
soluble ‘‘ isolinolenic hexabromide”.) 

Erdmann, Bedford, and liaspef regarded as a confirmation of their 
theoretical views the fact, that the “ linolenic ” acid obtained by the 
reduction of the crystalline hexabromide yields two linolenic-acid- 
ozonides, CigHagOii, which could be differentiated from each other by 
the velocity with which they are decomposed by water. That ozonide 
which is decomposed at the ordinary temperature is looked upon by 
them as a derivative of a-linolenic acid. 

Both linolenic acids are, therefore, in the opinion of Erdmann, 
Bedford, and Raspe, stereoisomerides, and thus simulate, as regards their 
constitution, oleic and elaidic acids respectively. 

In the author’s opinion, however, no decisive value can bo ascribed 

^ Croltlsolx;] {Jnurn. Husa. Chnn. Sac., 1910 (42), tit)), sugge.st.s tlio con- 

stitutional fonnuia CipC.^Ms) = C1I .CU 2 .Cll — mi CHg .ClI^ Cl I .((JIJ. 2 ) 7 C 00 I 1 . 

- Journ. CkevK Jnd., 188S, .'lOO. 

'■* Op. 0. Hiisscngutli, /. ^>// ?y.v. t'hnn., 186.5, ,563. For the conilicting statcment.s 

publi.shed in the older literature of this subject, cp. the 4th edition of thi.s work, 1909, 
Vol. I. p. ICO. 

Anal>/sf, 1898, 313. lloppe-Seylcrs Zeits. f. plii/siol. Chrm., 1909 (62), 424. 

® Berichte, 1909, 1328; 1334. Jloppe-Seylers Zeits. f. physiol Vhem., 1910 (68), 
76 ; Erdmann, ibid., 1911 (74), 180. ’ Beric/Ue, 1909, 1334. 
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to these fa<;ts for they are, as a proof, of the same order and value as 
that derived from the bromides. 

Rollelt^ rejecting the view that ^S-linoIenic acid is a chemical in- 
dividual, exp ams the fact that only about 23 per cent of hexaTromide 
are obtained from linolenic acid prepared by reduction of the erystallit 
hexabromide, by assuming that on brominating linolenic acM four 
di eient biomo-addition products can be obtained (each of which can 
be resolved into two optically active isomerides). If, then onlv one 
isomeride « crystalline, the yield of 23 per cent would be I’ead f y ox 
plained Moreover, /fo/fei* showed that the liquid tetrabromide con- 
sidered to be a derivative of ^-linolenic acid, is still an unsatu’rated 
substance, which absorbs more bromine finally vieldinrr n i i 

J"7'7 (- * 

of ^-linolenic acid and the occurrence of /i-linolenic in i 
being established, the existence of the /S-liLl 0^ mosH.r “ “ 

as hypothetical. (For the controversll panels publ'ri t v 
and Bedford on ^ one hand and Rolktt on the other, the reader nmst 
be referred o the originals and to the critical summaries given 1^1 e 
author^ in the Jahrbuch der Olientk.) ^ * 

The properties of a-liuolenic acid as probably represent, n,, tl,„ „ . . 

acid prepared b itherto, arc given here according to iVdwati a’sttatementr 

a-Ianolenic acid, prepared from its zinc salt (see below) is at the 
ordinary temperature, a water-white mobile liquid, soluble n I’o mr “ 
of petroleum ether ; when thi.s solution is cooled to a low temperaturf 
the acid separates m the form of a white solid precipitate. It i.s also 
soluble in alcohol and ether. = 0-9046 (another Jreparation a few 
days old and, hence, undoubtedly oxidised gave d'-' =0-9218). On 

standing the amd become, s oxidised easily, whilst the specific vravitv 
rises and the iodine value, of course, falls. ^ ^ 

In Erdnmn^s opinion the iucre.a.se of the density may be also due 
to polymei-iaation ; this, however, must be left an open iiuestion^as 

sllpport! ' to reqilire further 

On brominating the liquid linseed oil fatty acids a crystalline hexa 
bromide, melting at I80M82» (Uehner and MUchdl ; Rolt), ISOMSC 
183 (UwMoM), 179“-I80» (Bedford), is obtained.^ I has been 
pointed out a ready that on reducing this hexabromide and re-brominat- 
ing It, only about 23 per cent of the theoretically pos.sible hexabromide 
are recovered. RolUlCn theoretical explanation has been given above 
le a-linolenic acid obtained by Erdmann from linseed oil linolenic acid 

the “"0 ‘®*t gave, on bromination, the full 

theoretical yield of hexabromide melting at 180° C. It would seem 
nece.ssary to complete the chain of evidence based on this fact by 
Erdmann, by reducing the hexabromide thus obtained to linolenic acid^ 
again brommate it and determine the yield. ’ 

coireoSling p„-!tfrS; 131 and ff.) coa»id„r li?- .s the 
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In the filtrate from the insoluble hexabromide, a liquid bromide is 
found, which was looked upon by Hazura as the ether-soluble “ isolin- 
olenic hexabromide.” 

This liquid bromide appeared to Erdmann and Bedford to be a tetra- 
bromide, and thus seemed to confirm the view that a and ^ linolenic 
acid did exist. Rollett^ however, showed that this hypothetical tetra- 
bromide still absorbed bromine, finally yielding a liquid hexabromide. 

In view of the importance attaching to the behaviour of the crystal- 
line hexabromide, the following derivatives of “ a-linolenic ” acid are 
described : — 

Potassium hexahromo linolenate, separates from a hot mixture of 
benzene and alcohol as a crystalline white powder [Bedford). 

Barium hexahromo linolenate, obtained by shaking hexabromo- 
a-linolenic acid with an excess of baryta solution [Bedford). 

Methylester, melting point 157“-158° C. [Bedford). 

Ethylester, melting point 151'5°-152'5° C. Tlie ester can be obtained 
by brominating the ethylester of “ a-linolenic ” acid [Bedford). ^ 

Trichloro-triiodo-stearic acid, CjgH3o02Cl3J3, obtained from a-linolcnic 
acid and iodomonochloride forms colourless crystals melting at 146° C. 
The acid can be prepai’ed direct from crude linseed oil fatty acids by 
cooling them to -- 18° C., removing the solid fatty acids and treating the 
filtrate with iodomonochloride in glacial acetic acid solution [Erdmann). 

Trihroino-trliodo-stearic acid, CjgHgQOgBrgdg, prepared from crude 
linseed oil fatty acids and iodomonobromide forms crystals melting at 
124°-126° C. By shaking with lime water the calcium salt, (CjgHogOg 
BrgJglgCa, is obtained [Erdmann). 

The statement made by Peters and by Reformatzky, that linolenic 
acid can be reduced by fuming hydriodic acid and red phosphorus to 
stearic acid, although it could not be confirmed by Bedford, need not 
be doubted in view of Goldschmidt’s experiments with oleic and crucic 
acids, as both linolic and linolenic acid contained in the linseed oil 
fatty acids, with which Peters and Reformatzky worked, would yield 
stearic acid. Linolenic acid is, however, converted quantitatively 
into stearic acid by reducing it with hydrogen in the presence of finely 
distributed nickel (cp. Vol, III. Chap. XV. “ Conversion of Oleic Acid 
into Stearic Acid ”). 

Linolenic acid absorbs oxygen rapidly from the atmosphere and 
acquires thereby a dark brown colour. It absorbs 3 molecules of 
ozone forming well-defined ozonides. Two ozonides obtained by 
Erdmann, Bedford, and Raspe have been mentioned above. On de- 
composition with water both ozonides yield the same products, viz. 
propionic aldehyde, malonic acid, and the aldehydes of malonic and 
azelaic acids. 

By oxidation with an alkaline solution of potassium permanganate 
in the cold, Hazura obtained twh hexa-hydroxystearic acids, termed 
by him linusic and isolinusic acids respectively. This result seemed 
to point to the existence of two isomeric linolenic acids. Since, however, 
Rollett has shown that by oxidation of the linolenic acid, obtained 
by reduction of the crystalline hexabromide, linusic acid as well as 
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isolinusic acid are obtained, the evidence resting on the eadstence of two 
hexahydroxy acids becomes inconclusive, Rolleit’s (see above) theoretical 
views being equally capable of explaining the formation of two isomeric 
oxidation products. 

- The most impoitant salt of linolenic acid (which served for the 
preparation of the pure acid) is the basic zinc salt (CigH 2902 ) 2 ^u + JZnO, 
melting at 72'"-73° C. 100 c.c. of an alcoholic solution saturated in the 
cold contained 0-8924 grin, of the salt ; 100 c.c. of the solution satur- 
ated in the hot contained 6-170 g. 

Methylesler, obtained by reduction of the crystalline liexabromide 
with zinc in a methylalcoholic solution of hydrochloric acid gas {Rollelt^). 
The ester boils at 207° C. under 14 mm. pressure ; d^^^ = 0-8919. 

Ethylester, boils at 132°-133° C. under a pressure of 0-001 mm. 

= 1-46753. This ester was obtained by reducing the ethylester 
of hexabromolinolenic acid (Bedford). On reducing it with hydrogen 
in the presence of nickel, ethyl stearate is obtained. The ester fur- 
nishes on ticatraent with ozone in chloroform solution a perozonide 
{“ a-perozonide ”).‘^ 

The existence of Isolinolenic acid, Cj8n3Q02, was inferred by Hazura ^ 
from tlie fact that he obtained, on oxidising the mixed linseed oil acids 
with potassium permanganate, “ isolinusic ” acid (see p. 233) in addition 
to linusic acid. Bedford expressed the opinion that the oxidation 
product consisted of a complicated mixture of different substances 
which cannot be resolved into its several constituents (cp. “ Isolinusic 
Acid ”). Although the individuality of isolinusic a(;id has been estab- 
lished by other observers, Rollett shows that there is no reason for 
concluding therefrom that an isolinolenic acid does exist (see above). 

Jecoric Acid, OigllgoO.^ 

Fahrion ^ assumes the existence of this acid in sardine oil on the 
strength of analyses of the barium, calcium, and magnesium salts. 
Other analytical data, however, such as ultimate analysis, neutralisa- 
tion number, and iodine value, do not agree with those required by 
theory. Nor does jecoric acid conform to Hazura' s rule, inasmuch as 
it does not yield a hydroxylated acid on oxidation, volatile acids and 
carbon dioxide only being obtained. It appears to the author that 
this hypothetical acid is nothing else than impure clupanodonic 
acid (see p, 210). 


' IlDppc-St'ijlers %eUs. f, CJiem., 1909 ( 02 ), 123 , 

- Enhiiaiui, Bedibnl, iiinl Raspe, Ikridite, 1909, 1330. 

■’ Jouni, Sue. C/tein. Jiuf., 1888, 600. '* Jbid., 1893, 938, 
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V.— Acids of the Series *C„H2h-802. Acids of the 
Clupanodonic Series 

IsANic Acid, Cj4H2o02 

Isanic acid ^ is stated to occur, to the extent of about 10 per cent, 
in the oil from tlic seeds of I’Sano or Ungueko (a large tree of the 
Oleacem family, growing in the French Congo). 

The acid was obtained in the form of foliated crystals (from ether) 
melting at 41° C., readily soluble in strong alcohol, ether, chloroform, 
benzene, acetone, methyl alcohol, and petroleum ether. Its odour is 
peculiarly characteristic of the seeds themselves. The acid is extremely 
susceptible to change of colour on exposure to air, turning thereby 
rose-red, the tinge deepening with the increased absorption of oxygen. 
The oxidised rose-coloured substance is insoluble in ether. 

The existence of this acid is very doubtful, although its formula 
has been derived from analyses of the acid itself, as also of the silver 
and barium salts. The cryoscopic determination of the molecular 
weight gave 217 (Cj 4 n 2 QO 2 = 220), but the acid absorbed only about 
2 molecules of bromine. Kcduction of the acid by means of hydriodic 
acid did not lead to conclusive results. 

The existence of therapic acid, 0i7ir2e02, in cod liver oil (to the extent 
of 20 per cent) is infeiTed by Heijcrdahl from a bromine product, 
obtained on brominating the cod liver oil fatty acids. 
(The name was intended to express his opinion that the acid plays the 
most important part in the therapeutical effect of cod liver oil.) In 
the author’s opinion therapic acid is identical with clupanodonic acid. 

The therapic acid dc.scribed by Heiduschka and R/ieiaherger^ and 
its tetrachloro-tetrabromo and tetrachloro-tctraiodo derivatives are 
in the author’s opinion nothing else than clupanodonic acid and its 
addition products respectively. Tlie author ^ has pointed out that 
the analytical data agree better with an acid having 18 carbon atoms 
than, as claimed, an acid of 17 carbon atoms. 

Clupanodonic Acid,^ 

Clupanodonic acid (.lapanese, iwaslii san) has been obtained from 
its octobromide by reduction with zinc and alcoholic hydrochloric acid. 
The acid occurs in the mixed fatty acids from Japanese sardine oil, 
herring, whale (dab and green turtle) oils, and appears to be a char- 
acteristic constituent of all fish, liver, and blubber oils. It is a pale 
yellow liquid having a fishy smell. On exposure to the air it easily 
becomes oxidised, changing to a dry, varnish-like mass in the course of 
a few days. This mass is undoubtedly an “ oxidised clupanodonic 

^ Juurn. Soc. Chem. Ind., 18D6, 660. * Cod Liver Oil and Ch-emistnj, p. xcv. 

^ Pharnu Zentralb., 1911, No. 32. * Jahrhmhd. Ohemie., 1911, xxi. 44C). 

® M. T.sujirnoto, Joimt. College of Eng., Tokyo Imp. Uuiv., 1906, vol. iv. No. 1, 
1908, No. 6. 
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acid ” which had been first observed by the author (see Vol. 11. Chap. 
XIV. “ Marine Animal Oils ”). 

Clupanmlonic octohrotnide, Cign2802Brg, is obtained by broininating 
a glacial acetic acid solution of the mixed fatty acids of fish, liver, and 
blubber oils, and washing the precipitate with a large quantity of other 
until the washings leave no residue. The bromide forms a white powder 
which turns slightly grey on drying at 100° C. It is very sparingly 
soluble in ether, alcohol, and glacial acetic acid, even in the hot, more 
readily soluble in hot benzene. It does not melt below 200° C. (differ- 
ence from hoxabromolinolenic acid). At this temperature it blackens, 
and on further heating is decomposed without melting. 

In the author’s opinion “ jccoric ” acid and “ therapic ” acid are 
nothing else than (impure) clupanodonic acid. 

Arachidonic Acid, C20II32O2 

The existence of an acid of this composition is inferred ^ from 
the formation of octobromoaracliidic acid (sec Chap. VIII.) and octo- 
hydroxy arachidic acid obtained respectively by the bromination and 
oxidation of the unsaturated fatty acids in liver lecithin. As Harlleij 
has not najticd this acid the author suggests the term arachidoiric acid. 

Acids having the formuhe C.2oH32()2 and C24H4QO2 are assumed by 
Bull to occur in herring oil ; Tsujimoto, however, was unable to 
identify them therein. 


VI. — Hydroxylated Acids, CnKg^Og 

Sabinic Acid, Ci 2H2403-CH2(0H) - (CIlglio-COOH 

Sabitiic acid occurs, together with juniperic acid, in the waxy 
substances obtained fi'om the leaves of Juniperus Sabina [Bougault 
and Bourdier ^). It has not been found in the waxy substances from 
the leaves of other coniferous plants (see p. 68). The separation from 
juniperic acid is based on the insolubility of the sodium salt of the 
latter in a four per cent salt solution (see ]). 69). The acid dissolves 
very easily in alcohol. Acetone at 20° C. dissolves about 10 per cent. 
Sabinic acid is very sparingly soluble in cold petroleum ether, but 
readily soluble in the hot. 

Acetyl sabinic acid, 0431122(0. C2^30)COOH, melts at 43° 0. It is 
easily soluble in ether, petroleum ether, in 90 per cent, and even 60 
per cent alcohol. The sodium salt is soluble in a four per cent common 
salt solution, but is precipitated therefrom by the addition of con- 
siderable quantities of sodium chloride. The barium, lead, and silver 
salts are amorphous. 

^ Hartley, Journal of Physiology, 1909 (38), 353. 

^ Journ. iSoo. Chein. Ind., 1900, 73 ; Chem. Zeit., 1899, 906. 

3 Compt. rend., 1908, 1311; 1910 (150), 875. Jotmi. de Pharm. et dc Chinu, 
1909 (30), 10. 
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JuNiPERiG Acid, CjgHggOgqfCHgiOH) - {CH2 )i4-C00H 

Jimiperic acid occurs, according to Bou^gault and Bourdier} as an 
“ etholide ” (see p. 69) in the waxy substance obtained fi‘om the leaves 
of coniferous plants {Junvperus Sabina^ J. communis, Picea excelsa, 
Pinus sylvestris, Thuja occidentalis). In Juniperus Sabina the acid is 
associated with sabinic acid (p. 69), from which it is separated by 
saponifying the waxy portions melting at about 80° C., precipitating 
the mixture of crude acids and separating the sodium salts by means 
of four per cent solution of sodium chloride. The insoluble portion 
consists of the sodium salts of juniperic acid and some other hitherto 
unidentified acids, whilst the dissolved sodium salts represented almost 
exclusively the sodium salt of sabinic acid. 

The acid melts at 95° C. At the temperature of the melting point 
inner anhydration seems to take place, as the solidified mass melts at 
83° C., and after boiling with alcoholic potash the acid of the melting 
point 95° is again obtained. 

Juniperic acid is insoluble in cold water and only slightly soluble in 
boiling water (0-2 grm. in 100 c.c.). It dissolves easily in alcohol ; 
is sparingly soluble in acetone (2-5 grras. in 100 c.c.), and dissolves 
easily in ether and petroleum ether in the hot, but very sparingly only 
in the cold. All the “ salts ” including those of the alkali salts are 
insoluble in water. The alkaline salts arc soluble in alcohol and can 
be recrystallised from it. 

Acetyl juniperic acid, C|gH3Q(0.C2ll30)C00H, melts at 63° C. ; 
it dissolves more easily in ether and benzene than juniperic acid. It 
is best recrystallised from 60 per cent alcohol. 

Lanopalmig Agio, CigHggOg 

Lanopalmic acid isolated from that portion of the wool wax acids 
which forms potash soaps readily soluble in cold alcohol (Vol. II. Chap. 
XIV. “ Wool Wax ”) crystallises from dilute alcohol in radiated crystals, 
melting at 87°-88° C., and solidifying at 85°-83° C. It is insoluble in 
water, but dissolves on boiling in the presence of a small quantity of 
alcohol, and separates on cooling as a white crystalline magma. The 
ordinary organic solvents dissolve it readily. 

Aqueous alkalis do not readily dissolve the acid ; on adding, how- 
ever, a little alcohol and heating, the alkali salts are formed. They 
are stated to exi.st only in hot aqueous solution, and to become dis- 
sociated into acid salts, which separate on cooling, and into free alkali. 

' ’ The maynesium salt is insoluble in hot alcohol. The calciim salt 
dissolves easily in boiling absolute alcohol, but sparingly in 95 per cent 
alcohol. 

The existence of this acid would seem to require confirmation. 

< CH OH 
COOH 

^ iju'iiipt. reiuf., 1908, 1311 ; 1910 (150), 875. Jmirn. dc Pharm. tt de Ch'm., 
1909 (30), 10. 
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occur, combined* with alcohols, in carnaiiba wax.^ The acid does 
not appear to exist in the free state, since its inner anhydride, or 
lactone, is obtained whenever the salts of the acid are decomposed 
with a mineral acid. 

COCCKRIC A(UD, C3illg203 

Cocceric acid, stated to occur combined with cocceryl alcohol in 
cochineal wax ^ forms a crystalline powder (from alcohol), melting 
at 92”-93'^ 0 . ; it dissolves sparingly in cold alcohol, ether, benzene, 
petroleum ether, and glacial acetic acid. By oxidation with cliromic 
acid in acetic acid solution a pentadecylic acid is formed.^ 


Vll.- Acius OF rnii RnaNonEic Series. Hydroxvlated 
Acids C,Jl2„-203 

Acids 

(u) JUciNOLEic Acid, 

0113(0113)5. CT1(0H).CH2.CH 

II 

OH.(OH2)7.000H 

Tlie constitution of the acid is best represented by the formula 
proposed by Goldsohel ^ as given above ; it is based on the formation 
of a ricinostearolic acid, a ke I o-oxy stearic acid which yields two oximes, 
finally leading to (cp. above, p. 174) dekalactone and azelau; a(;id (cp. 
also Haller and Brocket '^). 

Ricinoleic acid (discovin-ed by Buss// and Leca)ru,^ and named 
“ ricinoleic acid ” by Baalmiilkr,^ and “ acide ricinoleique ” by Swanherg 
and Kolmodin '^) occurs, combined with glycerol, in large quantities in 
castor oil (sec “ Oastor Oil,” Vol. TI. Chap. XIV.). The formula 
C 13 H 34 O 3 was established by the classical lesearches of Bouts. Crude 
ricinoleic acid, as obtained by saponifying castor oil and decomposing 
the soap, represents a thick oil of specific gravity 0-9509 at 15-5'^ 0., 
solidifying completely on cooling to -fi"" to -lO*" 0. By gradually 
pressing the cooled crude acid at temperatures not exceeding 12 ° 0 ., 
Krafft ® obtained a white, odourless, hard, crystalline mass melting at 
lf)°-17° 0. ; this he judged to be pure ricinoleic acid. Juillard,^ how- 
ever, showed that the acid so prepared still contains stearic and natural 
dihydroxystearic (see p. 221) acids. The pure acid is best obtained 
from its barium salt purified by repeated crystallisation from alcohol 
in which the barium salts of the solid acids are insoluble. According 
to Chonowsky it is preferable to remove the solid fatty acids before 

‘ Journ. Soc. Chew. Imi., 188-1, -148. - Ibid., 1885, 585. 

® Liebernimin mid Bellaiiii, licrichte, 1887, 962. 

^ Goldsolxd, ibid., 1891, 8121 ; Kasmisky, Jimrn. f. prakt. Chan., 1900 (62), 363 ; 
Haller and Brochet, (Jompt. rend., iOlO, 496. ® Journ. Pharm, 13, 57. 

Liebifj'a A nnal., 1848 (64), 108. 

7 Jahresh., 1847, 564. 

» Berichte, 1888, 2734 ; cp. also llaHseiikanip, Berietdr, 1876. 1916. 

8 Bull. iSoe. Chilli., 1895 (18), 210. Ikriehte, 1909, 3340. 



the castor oil is saponified. This is done by dissolving castor oil in 
alcohol and allowing the solution to stand at a low temperature, when 
a crystalline glyceride, melting at 33° C., separates out. 

Pure ricinoleic acid melts at 4°-5° C. ; it is miscible with alcohol and 
ether in every proportion. It cannot be distilled without undergoing 
decomposition, even under a pressure of only 15 mm. ; among the 
products of decomposition are found undecylenic acid and (rnanth- 
aldehyde,^ and, a(‘cording to Mamjold,^ in addition thereto, an acid 
of tiic formula CjgllggOg.^ Most likely identical with this, is the acid 
obtained by abstraction of the elements of one molecule of water from 
ricinoleic acid either in an indirect manner by passing through the 
di-iodo-derivative or in a direct manner by heating the zinc salt with 
anhydrous zinc chloride. This unsaturated acid CjgHgoO^ is isomeric 
but not identical with linolic acid [Chomwsky'^). On subjecting 
ricinoleic acid to dry distillation optically active hydrocarbons are 
obtained.^ 

The ricinoleic acid ])repared from castor oil is, like castor oil itself, 
optically a(*tive ; this is indicated in the above-given constitutional 
formula by the presen(*e of one asymmetric carbon atom “ C ” in 
the mole(!ule. Wnl(le)i ^ found for the liquid acid in a 100 mm. tube 
aij ~6'G7°, and for its acetone solution [a]„= -f (5-25 to 

According to //. MeyerJ ricinoleic acid becomes spontaneously 
polymerised on standing, with the formation of polyricinoleic acids, 
which are easily re-converted into ricinoleic acid by boiling with alcoholic 
potash. Thus, an acid of the specific gravity O-tMGO at 12° C. had 
become viscous after eight years’ standing, its specific gravity having 
increased to 0-9608 at 12° C. ; at the same time the iodine value had 
decreased from the original number 85*53 to 6 1*06. Woldenhery ^ 
states that a specimen of ricinoleic acid of the original neutralisation 
value 188*24: exhibited after five months the nculralisation value 
170*9.9 Vol. III. Chap. XV.) 

Ricinoleic acid assimilates two atoms of bromine or one molecule 
of iodochloride, but does not absorb hydrogen on treatment with 
sodium amalgam. By reducing ricinoleic acid with phosphorus iodide 
and hydriodic acid, di-iodostearic acid is obtained ; the latter yields, 
on reduction with zinc dust in acetic acid solution, stearic, acid {Chon- 
owsky ^9). In view of the fact that castor oil can be reduced in the cold,^' 
with hydrogen in the pre.sence of colloidal palladium, to a saturated 
glyceride, it follows that ricinoleic acid also can be reduc-ed to a saturated 
acid with hydrogen, either in the cold by using colloidal palladium as a 
catalyst, or at higher temperatures by employing nickel as a catalytic 
substance. If the temperature at which the reduction takes place 

^ IkrichtCy 1S97, 2034. Cp. also Mailer ami Brocliet, Cwnpf. rend., 1910 (l.^>), .503. 

Ibid., 1891, Kef. 629. 

^ Ibid., 1888, 2734 ; ep. also Ua.sseiikanij), ibid., 187C, 1916. 

Ibid., 1909, 3316. 

•' Neiiberg and Rosenberg, Binchem. Zeits., 1907, 206. Up. also Kewkowitscli, Jahrh. 
d. Chem., 1907 (xvii.), 417. " Ibid., 1894, 3472, 

Arch. d. Bharm., 1897 (23.5), 184. Inawj. l>i.sner(., Ziiriel), 1908. 

Cp. also Ka.s.sow, Kii/hth Intern. Cony. App. Chemislrij (see Chem. Zeit., 1912, 1139). 

Bcrichte, 1909, 3343. “ Paal an<l Roth, Jkrichtc, 1908, 2283. 
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is kept low, hydroxystearic acid is obtained ; at a more elevated 
temperature the hydroxyl group is split off and stearic acid is formed.^ 

Nitrous acid transforms ricinoleic acid into its stereoisomeride — 
ricinela'idic acid. 

Ricinoleic acid docs not absorb oxygen on exposure to the atmo- 
sphere. On treatment with ozone, the acid assimilates, according to 
Thieme,^ four atoms of oxygen, forming a pcrozonide. With nitrogen 
tetroxide ricinoleic acid forms an addition product, which is split by 
fuming hydrochloiic acid into heptylic and azelaic acids (see p. 175 , 
Jegorow). With regard to the changes the acid undergoes on blowing 
with air at elevated temperatures, see Vol. II. Chap. XIV. “ Castor Oil.” 

On oxidising ricinoleic acid with an alkaline solution of potassium 
permanganate in the cold, two hydroxyl groups are assimilated with 
formation of tri hydroxystearic acid. Ilazvm and Griissn^r ^ stated 
that two isomeric trihydroxystcaric; a<ads are formed, and concluded, 
therefore, that the liquid fatty acid of castor oil is a mixture of two 
isomerides, viz. ricinoleic and isoricinoleic acids. The author is, how- 
ever, of the opinion that this conclusion need not neccvssarily be adopted, 
as two stcreometrical isomerides may be obtained from one and the 
same ricinoleic acid."* The strictures of the author would seem to be 
confirmed by Haller s ^ statement that he was unable to find two isomeric 
ricinoleic acids in castor oil (see Vol. II. Chap. XTV. “ Castor Oil ”). 

By oxidation with nitj’ic acid suberic and azelaic acids are obtained. 

By treatment of ricinoleic acid with sulphur a [)lastic mass, claimed 
as an india-rubber substitute, is obtained.*’ 

On boiling ricinoleic acid with acetic anhydride, an anhydride of 
the acetyl derivative C(.H|3CH(O.C2HuO)CH2-OH — CH(CH2)7COOII 
is obtained (cp. Chap. VI IF. ” Hydroxylated Fatty Acids”). 
Kasanskji's statement that acetyl-ricinoleict acid is formed has been 
refuted by GrdnJ In the latter’s opinion the acetylated anhydride 
of the formula Ci7H32(0.C2H30).C0.0.Ci7H32C00H had been formed. 

By the action of concentrated sulphuric acid on ricinoleic acid 
the following products are obtained {JniUard^): — ricinoleo-sulphuric 
acid, OH . 8O2 . 0 . C^7ll.,2 . COOH, d{hi/d)vxj/sfearo-sulphuric acid, 

OH . . COOH, ilihasic ilirmiioleic acul, 0 <p"y 32 ' 

monobasic diricinoleic acid, OH. C^^Hj. . COO . C17H32 . COOH, dihydroxn- 

^ cp. Eiigl. pat. 13, .'SI 9, 1911 ; Fivnch pat. 433,294, K. E. Markol and .1. Croslield 
and Sons, Ltd. Fokin, Jouni. Jius.s. Chem. Soc., 1912 (44), 653, states that by 

the catalytic reduction of ricinoleic acid with pliitinous hydroxide he obt.aiued X-hydroxy- 
stearic acid. It may also be pointed out that Woldeidjerg {Imiiff. Dissert., Zurich, 
1908) could not reduce ricinoleic acid by a current of hydrogen with platiimiu .^s a 
catalyst, wlun'eas under the same conditions the methylestcr of ricinoleic acid was 
reailily reduced to the methyle.ster of 1, 12 hydroxy.stearic acid. 

Dissert., Kiel, 1906. Monatsh. f. Chem., 1888 (9), 469. 

< Cp. Mangold, Ikrichte, 1894, Uef, 629. ® Compt. rend., 1907 (144), 462. 

Chem. Werke, vorm. Dr. H. Byk, (lerinan p.atent 252,193. 

’ Ikrkht.e, 1909, 3761. Cp. Ra.s.sow, Zeits. f. angew. Chem., 1913, 318. 

^ BuU. Soc. C/iim., 1894 (11), 280. The i.soricin oleic acid de.scribed by Juillard 
appears to be a ketonic acid, and i.s a by-product formed by the action of sulphuric acid 
on ricinoleic acid ; it is di [fere n tinted from ricinoleic acid by its solubility in petroleum 
ether. 
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Stearic acid, Ci 8 H 3 a 04 , melting at 66 °- 68 ° C., a solid acid, CggH^QO^, and 
isoricinoleic acid, CJ 8 H 34 O 3 (cp. Vol. III. Chap. XV. “ Turkey-red Oils ”). 

Griin ^ showed that the dihydroxystearic acid melting at 66 °- 68 ° C. 
consisted of a mixture of several isomerides ; for by fractional crystal- 
lisation of this dihydi'oxy stearic acid he obtained two optically inactive 
isomerides melting at 69-5° and 108° C. respectively ; an optically 
active acid melting at 90° C., and a small amount of another inactive 
acid melting at 126° C. The acids melting at 69-5° C. and 90° C. 
respectively have the constitution of a 9, 12-dihydroxysteai’ic acid ; 
hence the inactive acid of the melting point 69-5° C. is judged to be a 
racemic compound. The optically active acid melting at 90° C. is 
converted into the racemic compound melting at 69-5° C. on keeping 
for some time in alcoholic solution, or more rapidly by heating tlic 
solution to 130°-140° C. If acetyl ricinoleic acid be treated with an 
equal amount of concentrated sulphuric acid, ricinoleo-sulphuric acid 
is obtained, the acetyl group being replaced by the SO^H group. If, 
however, sulphuric acid be allowed to act upon the chloro-oleic acid, 
CH 3 {CH 2 ) 5 CHC 1 .CH 2 .CH=--CH(CH 2 ) 7 C 00 H, evolution of hydrochloric 
acid takes place even below the temperature of the freezing point.^ 

Woldenherg ^ studied the gradual chaftgc taking place when equi- 
molecular amounts of ricinoleic and concentrated sulphuric acids are 
mixed, and found that the iodine value of the mixture gradually 
decreased within 115 hours from the theoretical value G-1-04 to 48-4, 
the neutralisation value from the theoretical value 425 to 279*79 ; the 
ainomit of free ricinoleic acid decreased very rapidly (from the original 
75*38 per cent in the mixture) to 5*93 per cent, and had fallen to zero 
after (about) 10 hours. 

Clionowshj'^ who carried out the same experiment, arrives at the 
conclusion that two isomeric glycM acids arc formed having the following 
formulnc respectively, 

CH 3 . ( 0112 ) 5011 . CHg . OH . CH 2 (OIl 2 ) 7 COOH 

0 

and 

CH 3 (CIl 2 ) 5 CH . CH 2 . CH 20 H(CH 2 ) 7000 n. 

I 0 

With these two acids small quantities of a dihydroxylated acid are 
admixed which is considered to be identical with the dihydroxystearic 
acid melting at 11C°-117° C. and obtained from di-iodo-stearic acid 
(see p. 229). The first of these two glycids yields on digestion with 
acetic anhydride a diacetyl-derivative. Griin'^ raises objections to 
these conclusions and explains Chonowsh/s results by pointing out that 
the latter overlooked the formation of intermediate products. 

1 Berkhte, \mQ, UOO ■, 1909,3759. Wcttiirkamp, hiamj. Dissert., Zurich, 1909, 
Zeits. f. FarbeniujluNtrie, 1909, No. 18. 

Cp. Griin and Wetterkamp, Zells, f. FarheniiuL, 1908, 375. Woldonlxir^', fnavg. 
Dissert,, Zurich, 1908, ^ Inaug. IJis-sert., Zurich, 1909. 

* Berichtc, 1909, 3339. « Jbid.i 1909, 3701. 
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The following table reproduces a number of characteristics of 
ricinoleic acid and the most important products that can be obtained 
from it by the action of sulphuric acid, as compiled by J. Ruhmshj} 
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Ricinoleo-sulj)huric acid, Cj7H32(0.S03H)C00H, is prepared in its 
pure state by allowing chlorosulphonic acid to act on ricinoleic acid in 


Inaiig. DLssirL, Boriia-Lcipzig, 1912. Cp. Zeits. /, angew. Chem., 1913, 816. 
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a solution of absolute ether ( Woldenberg ^). Its formation by the action 
of concentrated sulphuric acid on ricinoleic acid has been described 
above. The acid is soluble in ten parts of water and forms a clear 
solution. By prolonged standing of ricinoleo-sulphuric acid with water 
(cp. also Vol. III. Chap. XV.), the acid is hydrolysed, sulphuric acid being 
split off. The hydrolysis becomes accelerated by heating the sohition 
to boiling or by adding dilute mineral acids. The total amount of acid 
is, however, not resolved into sulphuric acid and ricinoleic acid, but 
the ricinoleic ester of ricinoleic acid, Ci7H32(OH)COO.Cj7H3,,C()OH, 
is formed, which is converted partially by the loss of one molecule 

/O-CO 

of water into the lactide 0^71132^ / ^171132- formation 

^CO-0^ 

of the lactide is arrested when the proportion of the lactide to the 
ricinoleic ester of ricinoleic acid equals 2 ; 1.^ 

Ricinoleic acid yields on treatment with gaseous hydrobromic acid 
in the cold, according to the conditions of the experiment, monobrorno- 
or dibrorno-stearic acid {Kasanskg ^). On reducing these com]}oimds 
the ordinary stearic acid was obtained ; hence it is evident that the 
hydroxyl group in ricinoleic acid had been replaced by bromine. If 
the substitution of the hydroxyl group be prevented by previous 
acetylation of the OH group, an acetylated hydroxystearic acid is 
ultimately obtained. The hydroxystearic acid resulting from this 
acetylated hydroxy acid dilTers from the hitherto knowii isomerides. 
By the action of h3^driodic acid on ricinoleic acid the hydroxyl group is 
replaced by an atom of iodine ; at the same time a second atom 
of iodine is assimilated, so that a di-iodo-stearic acid results 
{Chonowshj ^). 

Dry hydrogen chloride is not assimilated by ricinoleic acid. In 
the pre.sence of fonualHehijde dry hydrogen chloride produces in an 
alcoholic solution of ricinoleic acid condensation to cthgl nH'.thglene- 
(Uoxydisiearate, to which Tschilikin^ a.scribes the formula : — 

CIT3 . (CH2)5 . C H . CTI2 . CH2 . OH(OH) . (0112)7 . CO2 . 02113, 



0 H3 . (OHg)^ . on . OII2 . OH2 . OH(()H) . (0H2)7 . OO2 . 02II5. 

Endeavours to isolate the free acid led to the formation of condensation 
products. Thi.s is a saturated substance, (It will be observed that 
Tschilikiii places the OH gi'oup in a different position from that indicated 
above.) 

^ Jnav'j. Dissert., Zurich, 1908, 

' Griiii niul Wcttcrkiimp, Zeits. f. Farbenindn.strk, 1909, Heft 18, Wetterkamp, 
Jnavg. Dissert., Ziiridi, 1909. ^ Journf. j)rakl. Chem., 1900 (62), 363. 

^ IkricMc, 1909, 3342. 

^ Jouni. Russ. Phi/s. Chevi. Soc., 1912(44), 515 j cp, nho Revue ghkr.des matures 
coiorantes, 1911 (15), 33. 
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Dihromoricinoleic acid, CH 3 . ( 0112)5 . CH(OH)CH 2 . CHBr . CHBr . 
(CH 2 ) 7 .C 00 H, forms a tliick, slightly yellowish oil {Ulrich,^ Wolden- 
herg ^). The sulphuric ester is obtained by allowing chlorosulphonic 
acid to act on the dibromide in ethereal solution. By boiling with 
concentrated alcoholic potash, ricinostcarolic acid is obtained, 

Ricinoleic acid, as prej)arcd from castor oil by saponification and 
subsequent acidification of the soap is a commercial product, used in 
the textile industry (sec Vol. JTI. Chap, XV, “ Sulphonated Oils ”), An 
acid ammonium salt of the acid prepared by neutralising crude ricinoleic 
acid with ammonia and adding a second equivalent of ricinoleic acid 
is also obtainable in commerce, 

Sodium ricinoleate^ is a soft doubly-refracting substance, solidifying 
on cooling to a waxy mass. 

Most of the metallic salts of ricinoleic acid are readily obtained in 
the crystalline state ; they behave with solvents very much like the 
corresponding salts of oleic acid. Calcium, as also barium ricinoleate, 
are soluble in warm alcohol ; the barium salt, even when repeatedly 
recrystallised from alcohol, retains water, which is not even given off 
at 120 ° C. The barium salt is practically insoluble in ether ( Woldcnherg, 
Chonowsl'jf) and petroleum other ( Woldenberg). Lead ricinoleate 
melts at 100° C. and is easily soluble in ether. Init practically insoluble 
in low-boiling peiroleiim ether.^ 

Mefhglester. — RocMeder first prepared this ester by passing hydro- 
chloric acid gas through a solution of castor oil in alcohol (cp. “ Alco- 
holysis,” p. 1(X)). Specific gravity 0-9236, boiling ])oint 215° C. under 
a pressure of 10 mm. [a I d =+3-8° {Walden). The progress of the 
action of concentrated sulphuric acid on this ester has been studied 
by Woldenberg? 

Ozone converts the methylester into the perozonide 
which is resolved by treatjnent with sodium carbonate and sodium 
bisulphite into optically active ^-hydroxypelargonic acid ( 0113 .( 0112)5 
011(011). OOOH), azelaic acid, methylester of azelaic acid and the 
corresponding scmi-aldehytles {Haller and Brocket ®). The reduction 
of the methylester to a saturated substance has been referred to, 
p. 215, footnote 1. 

AV// ykv^cr.— Specific gravity 0-9145, boiling point 258° 0. under 
a pressure of 13 mm. [«]„“■ +4-07° {Walden). 

Haller ^ ascertained the following constants of ricinoleic esters : — 

* Zeits.f. Chan., 18t57 (:3), 5-1^. 

- Inang. Dbsrrt., Ziirieh, 1P08. ^ Vorlaeiidor, Berichte, 1910, 3126. 

■* Liine, Journ. iSoc. Chem. Jnd., 1907, 597. 
huiug. Dissert,, Ziiricli, 1908, 

® CoinpL rend., 1910 (150), 503 ; Chan. Zeit., 1910, 289. 

' Compt. rend., 1907 (144), 462. 
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Esters of Ricinoleic 
Acid. 

Boilinj' Point 
under 10 ntin. 
Pre.ssiirc. 

“C. 

Specific Gravity 
at In'* C. 

Specific 

notation. 

Wn. 

Hofractivo 

Index. 

Methyl . 

22.V227 

0-927 

+ .5°2' 

1-4645 

Ethyl . 

227-2S0 

0-9] 8 

+ 4-48“ 

1 -4630 

Fropyl (noniial) . 

233 -24d 

0-912 

+ 4-3.".° 

1-4624 

Isobutyl 

239-241 

0-908 

•H-22“ 

1-4621 


On oxidising the methylcster of ricinoleic acid with potassium per- 
manganate in acetone solution, Haller obtained only one trihydroxy- 
stearic ester, melting at 87° C. By subjecting the methylcster to dry 
distillation, 62 per cent of the tlieoretical mnanthic aldehyde and 10 
per cent of imdecylenic methylcster were ol)taincd. In tlio case of 
the ethylester the corresponding figures were 50 per cent and 32 per 
cent respectively. 

C6tIi3.CIT(0fl).0H.>.CII 

Rlcinelai'dic acid, ij , the stereometric iso- 

COOH.(OH2)7.CH 

meride of ricinoleic acid, is obtained from the latter by the action of 
nitrous acid. Wetterkamp obtained a better yield by adding nitric 
acid, specific gravity 1’2, in small proportions to ricinoleic acid previously 
cooled to -5° C. and keeping the temperature at -5° C. to 0°. The 
acid is optically active. [a]i,= + 6-67° (c ^ .12) in a solution of absolute 
alcohol. Ricinela'idic acid crystallises in needles melting at 52°-53° C., 
53°-.54° C, (Woldenherj). As regards absorption of bromine, iodo- 
chloride, and oxygen, it behaves like ricinoleic acid. On oxidising 
ricinelaidic acid with potassium permanganate in alkaline solution, 
two isomeric (most likely stereometric) trihydroxylated acids are 
formed {Mangold). On distilling ricinelaidic acid in vacao, Mangold^ 
obtained an unsaturated acid, CjgH3202, crystallising from alcohol in 
shining plates melting at 53°-54° C. It is doubtful whether this acid 
is identical with the acid C'j8H3202 obtained in the same manner from 
ricinoleic acid. 

Ricinela'ido-sulphuric acid, 0j7H32.(O.SO3ll)COOH, is obtained by 
the action of chlorosulphonic acid on ricinelaidic acid. The aqueous 
solution of the acid undergoes on heating the same changes which have 
been detailed in the case of the sulphuric ester of ricinoleic acid (see 
above). 

Ricinic acid was obtained by Kraffl^ on heating barium ricinoleate 
in a vacuum, when the barium salt of ricinic acid remains in the retort. 
On decomposing this salt with a mineral acid^ ricinic acid is liberated. 
The acid can be purified by fractionating in vacuo ; it then forms 
glistening laminar (from alcohol), melting at 81° C. ; it boils under 
15 mm. pressure with very slight decomposition. 

' Afom/tsh.f. Vkem., 1894 (l.^>), 309. = Op. also Walden, lierichtr, 1894, 3472. 
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( b ) Quinck Oil Acid 

A hydroxylatcd acid, Cj 7 H 32 (OH)COOH, is stated by Herrmann ^ 
to occur in quince oil, Jt differs from ricinoleic and its isomeric acids, 
in that its dibromide melts at 108° C., whereas ricinoleic and ricinclaidic 
dibromides arc liquid (cp. Chapter VIII.). 


VIII.— Acids of tfie Serifs C,Jl2;,04. Diuydroxvlatfd Acids 
Dihydroxystearic Acid, CyiggO^ 

The natural dihydroxylated acid, occurring in castor oil to the 
extent of about 1 per cent {Juillard 2), is obtained by cooling the mixed 
fatty acids of castor oil below 12'’ C., and keeping them thereat for 
some tijne. The crystalline magma is allowed to drain, and is then 
pressed and recrystallised from alcohol, whereby a mixture of di- 
liydroxystearic and stearic acids is obtained. The latter is removed 
by washing with hot toluene, and the remaining crude dihydroxystearic 
acid is recrystallised from boiling alcohol. 

H. Meijer ^ prepares the acid by decomposing the lime salts of the 
mixed castor oil acids with hydrochloric acid, and allowing to crystallise 
from ether in the cold. After twelve hours’ standing crystals melting 
at 140° to 14r C. are obtained. 

The pure acid melts at 141° to 143° C. ; it is insoluble in ether, 
petroleum ether, and benzene, slightly soluble in cold toluene, more 
so in the hot solvent ; it dissolves in boiling alcohol and boiling acetic 
acid. Reducing agents readily convert the acid into stearic acid. By 
treatment with hydrochloric acid at 180° C., and subsequently with 
caustic potash, it is converted into the dibasic acid: — C0011.(()H) 

. 0 . Ci7H33(OH)COOH. 

Probably this acid — being a natural product—is optically active. 

The sodium salt forms fine needles. 

Methylester, melts at 10{>°-1()8° C, 

Elhijiesier, melts at 104°-10G° C. 

Landceric Acid, ^30^^60^4 

This acid was isolated from the mixture of soaps obtained on 
saponifying wool wax with alcoholic potash.^ 

The acid crystallises from alcohol in microscopic lamime ; it softens 
at 102° C, and melts at 104°-105° C. ; it then solidifies at 103°-10r C., 

’ Arch. d. Pharm., 1899 (2:57), 3tR). 

2 Hull. Soc. Chim., 1895 (13), 238. Tlie diliyilroxy.sloaric acid wliicli Bcnedikt and 
Ulzer [Monalsh. /, ClLcm., 1887 (8), 208) isolated IVoni a “ 'J’urkey-rod oil ” is not, as 
they stated, an artificial jn’oduct, but nothing else than Ibis natural bydroxystertric acid 
(Griiu, Jicruhte, 190(5, 4400) ; cp., however, p. 21 G. 

3 Arch. d. P/iarm., 1897, 181 ; Chem. Jtevue, 1897, 223. 

^ Darmstaedter and Lifscliiitz, Jierichte, 1896, 1474, 2893 ; Journ. Soc. Chem. InJ,, 
1896, 543. (The acid iS described there as lanoceriuic acid.) 
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to melt again at 102° C. It thereby loses one molecule of water, 
probably from the two hydroxyl groups, for it still possesses acid 
properties. Lanoceric acid readily forms a lactone, e.g. when boiled 
with dilute hydrochloric acid ; the lactone melts at 86° C. Tliis lactone 
is probably identical with ‘‘ lanocerin ” recently found in wool wax by 
Rohmann ^ (cp. also Vol. II. Chap. XIV. “ Wool Wax ”). 

Lanoceric acid is almost insoluble in cold water and in alcohol, 
but is readily soluble in hot alcohol. It does not combine easily with 
aqueous potash ; a little alcohol, however, readily induces combination. 
The salt is therefore best prepared in alcoholic solution. The potassium 
salt behaves like that of lanopalmic acid (p. 212), in that it dissociates 
on cooling into the acid salt, which separates, and into free alkali. 


IX.— Acids of the Series C„H2,i_204, Dibasic Acids 

The dibasic acids belonging to this series have been isolated from 
Japan wax (see Vol. If. Chap. XIV. “ Japan Wax ”) by fractionating 
its insoluble mixed fatty acids in, vacuo. The composition of the 
acids was established from that of the hydrocarbons which they yield 
on dry distillation with barium oxide under reduced pressure. 

Hei'tadecamkthvlexe-dicarboxyuc Acid, » C„H3,(C00II), 
This acid yields normal heptadecane. 

Octodecamethylene-dicarboxylic Acid, 2 CiJI,jy(C00H )2 
This acid yields normal octodecane. 

Japanic Acid (Noxadecamethylene-dicarboxylk; Acid), 

Japanic acid ^ is the first dibasic acid identified in natural fats. 
Most likely it forms a mixed glyceriile together with palmitic acid 
(see Vol. II. Chap. XIV. ‘‘ Japan Wax ”). 

The acid crystallises from alcohol and chloroform in white lamina) 
melting at 117-7°-117-0° C. The crystals dissolve very sparingly in 
most solvents. Japanic acid is heavier than water. 

On heating the acid to 2(X)° C., carbon dioxide is given off with 

the formation of the ketone melting at 82° -83° C. 

Ljqllgo/ 

On distilling with barium hydroxide in vacuo normal nonadecane is 
obtained.^ 

The potassium salt is sparingly soluble in 95 per cent alcohol, 100 c.c. 
of which dissolve 0'1345 grm. at 26° C. 

* (kntralbl.f. Physiol., 1905, xix. No. 10. ^ R. Sohaal, Berichie, 1907, 4784. 

^ L. A. Eberhardt, hiauy. Dissert., Strassburg, 1888 ; Gcitcl and v. d. Want, Journ. 
f. prakt. Chm., 1900 (61), 151. 
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On heating the silver salt with ethyliodide, the ethykster, melting 
at 53*^ C., is obtained. 


OXIDATION PKODUCTS OF FATTY ACID8 

Tlie above-described acids (witli the exception of the isomerides 
mentioned under the headings of the naturally occurring acids) are 
met with in natural fats and waxes. Besides these, there are found in 
various products of the fat industries several saturated Iiydioxylated 
acids, as also their inner anhydrides. These are described below, 
together with some otlier hydroxy lated fatty acids, whicli ai-e of great 
importance for the identification of glycerides of unsaturated acids. 

Other dei'ivativcs of the fatty acids obtained indirectly by oxidation 
are ketones, a list of which has been given above. These ketones 
appear to be of imjiortance from a physiological point of view, as repre- 
senting the intei'inediate stages of degradation of the higher fatty acids 
in the animal organism. Too little is known at present to justify more 
tban a passing reference here (cp. also above, p. 55). 

Orcater importance attaches to the unsaturated fatty acids of tlie 
slearolic yroup, wliich are also obtained by a processof indirect oxidation. 
They represent intermediate ])roducts standing between unsaturated 
fatty acids and the cleavage products into whicli they arc ultimately 
broken down. Thus they are of imjiortancc in determining the con- 
stitution of unsaturated acids, as has been pointed out above on p. 174. 
The acids belonging to the stearolic series aio isomeric with the acids 
of the linolic series. 

Just as the acids of the olei(; series lead to the acids of the stearolic 
series, so do the acids of the ricinolic series lead to acids which may 
be termed acids of the ricinostearolic series. 

In the course of oxidation of fatty acids by means of potassium 
permanganate, or nitric acid, further in the decomposition of the ozone 
and nitrogen tetroxide addition products of unsaturated fatty acids, 
a number of dibasic acids are formed, the composition of which lends 
valuable help in the identification of the products of cleavage, and thus 
in the determination of the constitution of the fatty acids from which 
they have been derived. 

Derivatives of the fatty acids mentioned in the foregoing lines will 
be described under the following headings 

I. Ilydroxylated acids, C„H„dOH)^02 

II. Acids of the stearolic series, C„n 2 n- 4 D 2 . 

III. Acids of the ricinostearolic series, C,iH 2 u- 403 . 

IV. Dibasic acids, CnIl 2 'i- 2 ^ 4 - 

I.— Hydeoxylated Acids, C.nH,„(0H)*02 

Most of these hydroxylated acids are obtained by oxidising 
unsaturated acids with dilute potassium permanganate in alkaline 
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solution. The details of this method will be fully described in 
Chapter VIII. 

Saytzejf,^ as also Hazura ^ (who collaborated with Bauer, Friedreich, 
and Grussner), derived from their researches the following rule ; All 
unsaturated fatty acids assimilate on oxidation with potassium per- 
manganate in alkaline solution in the cold, as many hydroxyl groups 
as there are unsaturated carbon atoms in the molecule, yielding saturated 
hydroxylated acids which contain the same number of carbon atoms 
in the molecule. Further experiments must decide whether this rule 
holds good for all unsaturated acids (cp. “ Jecoric Acid,” p. 200). This 
reaction, however, is not a quantitative one, as is the case in the forma- 
tion of the bromo- and iodochloro-derivatives, for, owing to further 
oxidation, perhaps, of the hydroxylated acids, dibasic acids are also 
formed. 

Hydroxylated acids are also obtained by digesting bromo-derivatives 
of unsaturated fatty acids with silver hydroxide. 

In the following table tlic hydroxylated acids obtaijied hitherto 
by oxidation with potassium permanganate and by means of silver 
hydroxide are enumerated : — 


Fatly Acids. 

Hydroxylated Acid. 

Tiglic 

( Dihydroxy tiglie ) tigliceric. 

Hypogaeic 

Dihydroxypalmitic. 

Halmitoleic . 

Dihydroxypalmitoleic. 

Chaulmoogrio 

i a-Dihydroxydiliydrocliaulnioogric. 

1 /3-Dihydro.\ydihydrochaulnioogric. 

Oleic . 

Elaidic 
“ Isooleic ” . 
I’otroselinic . 
Liver oleic . 
(Unknown) . 

llicinoleic 

Dihydroxy.stearic. 

Di hy d roxy .s tear id ic. 

“ Para-dihydroxyHtearic.” 

Dihydroxy petroselinie. 

Dihydroxy acid. 

Dihydro xyjecoleic (?). 
f 'fribydroxystearic. 

1 a-Isotrihydroxystcaric (? see p. 215). 

Jiicinclaidie . 

/ /i-Isotrihydroxystcaric (? sec p. 220). 

1 7 -Isotrihydroxy.stearic. 

Linolic 

Tetrahydro,xystcaric (saiivic). 

Linolenic 

Hexahydroxystcaric (linu.sic). 

Isolinolcnic (?) 

Lsolinusic. 

Gadoleic 

Dihydroxygadoleie. 

Erucic 

Dihydroxybchenic. 

Brassidic 

Lsodihydroxybehciiic. 

I.soerucic 

Para-dihydroxybehenic. 

Arachidonic . 

Octohydroxystearic. 


‘ Jonrn. f. prahl. Chemie, 1886 (33), 300; 1889 (39), 346. 
Juiiru. Soc. Chem. Jnd., 1888, 506. 
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Hydroxylated Acids 

1. Monohydroxylated Acids, Ci8H3^03 = Ci7H34(0H)(C00H) 

{a) L (or 1, 10) Hydroxystearic Acid, Ci,H*,03=.Ci,H3502(0H) 

= CH3 . , CH . (OH) . (CH2)3C00H * 

This acid is obtained together with stearic acid hydrogen sulphate 
and stbarolactone on dissolving ordinary oleic acid or elaidic acid in 
concentrated sulphuric acid (cp. also Vol. III. Chap. XV. “ Turkey-red 
Oils ”). The glyceride of this hydroxystearic acid is obtained on 
subjecting triolein to the same treatment. 

This acid is prepared commercially by treating a solution of oleic 
acid in petroleum ether with concentrated sulphuric acid. Only part 
of the oleic acid is transformed into Jiydroxystearic acid ; in order to 
.obtain a higher yield of the latter, the unchanged oleic acid must bo 
treated again in the same manner, but even then the yield is not a 
(piantitative one (cp. United States patent 772,129, and Vol. III. 
(ihap. XV. “ Conversion of Oleic Acid into Candle j\ratcrial ”). 

6-HydJ•ox3^steaI'ic acid crystallises (from alcohol) in hexagonal 
plates, melting at 81°-81'5'' C. (Geitel), 83'^-85‘’ C. {l^nylzeff), and solidi- 
fying at G8'"-65'' C. 190 parts of absolute alcohol dissolve 8*78 parts 
at 20° C. ; 100 parts of ether at the same tcmperatin e dissolve 2-3 parts. 

On heating the acid to 200° C., with or without zinc chloride, a 
viscous mass is obtained, which contains the anhydride Cj^Hg^O.^, as 
also oleic ac-id.^ By boiling the anhydride with caustic potash hydroxy- 
stearic acid is regenerated. On distilling (.-hydroxystearic acid in a 
vacuum, a portion of the acid passes over unchanged, whilst another 
portion is converted into oleic and “ iso-oleic ” acids. By carefully 
oxidising i, -hydroxystearic acid with chromic acid in acetic acid solution, 
10-ketostearic acid, 0113(0112)7. CO. (CHglgCOOH, is obtained, whilst 
sebacic, azelaic, and very small quantities of suberic acid are formed 
as by-products (Shukojf and Schestakoff *). 

The sodium, zinc, and copper salts are soluble in alcohol ; the barium 
salt is insoluble in both alcohol and ether. 

(6) K (or 1 , ii)-Hydroxysteario Acid, 

CHg . (CHgle • CH(OH) .CHg . (CH2)8.COOH ^ 

This acid is obtained, together with the isomeric i-hydroxystearic 
acid, on treating “ iso-oleic ” acid with sulphuric acid in the manner 

’ Shukoff and Schestakoff, /. Chem,, 1903 (67),' 415. Formerly (see 

p. 121 of the tliird edition of tliis work) this acid was described as ^-liydroxystearic 
acid. The true /3-hydroxystearic acid, CjjH.,, . CH (OH) . (IIL, . CO(3ll, prepared by 
Ponzio {Gazz. chm., 1905 (35), ii. 132) melts at 89° C. 

2 Cp. also David, Compl. rend., 1897 (124), 466. 

® It may be i)oiiited out here that the anhydride, C 18 II 31 O 2 being a saturated com- 
pound, does not absorb iodine ; therefore the oleic acid can be determined quantitatively 
in the mixture (cp. Chap. VI.). According to Shukoff and Schestakoff, this anhydride is 
7 -stearolactoue. 

^ Shukolf and Schestakoff, Journ. f. prakt. Cheni., 1903 (67) 417. Formerly (see 
p. 122 of the third edition of this work) this acid was described as a-hydroxystearic 

VOL. I Q 
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described for ordinary oleic acid. The lower the temperature, the 
larger is the yield of K-hydroxystearic acid. K-Hydi*oxystearic acid is 
also formed on digesting the iodo-stearic acid obtained from “ iso-oleic ” 
acid and hydriodic acid, with silver hydroxide. 

K-Hydroxy stearic acid distils unchanged under a pressure of 100 
mm. (difference from i-hydroxystearic acid), and crystallises (from 
alcohol) in plates melting at 77°-79° C. Shukqff and Schestakoff find 
84° C. It is more easily soluble in ether than its t-isomeride, whilst 
less readily soluble in absolute alcohol, 100 parts of which dissolve at 
20° C. only 0-58 parts of the acid. 

On oxidising K-hydroxystearic acid with chromic acid in acetic acid 
solution, Shukoff and Schestakoff obtained sebacic acid, a dicarboxylic 
acid, CijHgoO^, melting at 124° C. and 11-ketostearic acid, which differs 
from the 10-ketostearic acid prepared from i-hydroxystearic acid by 
the same method. 

On treatment with concentrated sulphuric acid y-stearolactone ^ 
is obtained. 

(y-HYDROXYSTEARIO AciD, CH3. (€112)13. CH(OH) .CHg. 
CHg.COOH) 

StE AROLACTONE, C 18H34O2 = CH3 . (CH2)i3 . Oil . Cllg . CH2 . CO 

0 i 

The free acid has not been prepared yet, for whenever the free 
acid may be expected its inner anhydride, or lactone, is formed. The 
lactone is obtained together with t-hydroxystearic acid when concen- 
trated sulphuric acid is allowed to act on ordinary oleic acid.^ It 
is also obtained by heating oleic acid with 10 per cent of zinc chloride 
to 185° C. (see Vol. III. Chap. XV. “ Conversion of Oleic Acid into 
Candle Material ”). 

According to Shukoff and Schestakoff} stearolactone as obtained (in 
a yield of 35 per cent) by the action of concentrated sulphuric acid 
on commercial oleic acid has the iodine number 16-20, and, assuming 
it to be a monobasic acid, the mean molecular weight 375, which, 
after boiling with alcoholic potassium hydroxide, falls to 291. This 
points to the presence of an anhydride similar or analogous to those 
formed on heating hydroxystearic acid. After distillation the iodine 
value increases considerably. 

If pure stearolactone is treated with sulphuric acid it is partly 
converted into soluble, acid products, which are probably sulphonic 
acids. 

Stearolactone forms fine white crystalline laminse melting at 47°-48° 
C. ; it can be distilled almost unchanged. It is insoluble in water, 
and dissolves easily in alcohol, ether, and petroleum ether. Boiling 

acifl. Tile tnio a-liydroxysteaiic acid, CjbH^j . • CH(OU)COOH, was prepared by 

Hell and Sadomsky {BtricKte^ 1891, 2391), lie Sueur {Joum. Chem. Soc.^ 1904, 1709), 
and Poiizio {(Mzz. chim. ital., 1904 (34), 77) ; it melts at 9r-92" C. 

^ Juurn. Russ. Rhys.- Chem. Soc., 1908 (40), 830. 

- Cp. Lewkowitsch, Journ. Soc. Chem. I ml., 1897, 392. 



Ill 


DIHYDROXYLATED ACIDS 


227 


solutions of alkalis dissolve the stearolactone with the formation of 
salts of y-hydroxystearic acid. On adding a mineral acid to such 
solutions, stearolactone, but not the free acid, is obtained. Provided 
the above -given constitutional formula be correct, an assumption 
which stands in need of experimental corroboration, a migration of the 
double bond must have taken place. 

(c) A (or 1, 12) Hvdroxystearic Acid, CHo(CH.Af-CH 
(OH){CH2 )ioCOOH 

This acid is best prepared from its methylester. It melts at 78° C. ; it 
is soluble in alcohol, ether, and chloroform, but is insoluble in petroleum 
ether and water (Woldenberg^). 

Methylester, CH3(CH2)5CH(OH)(CH2)ioCOOCH3, is obtained from 
the methylester of ricinoleic acid by reduction with hydrogen in the 
presence of platinum as a catalyst. 

With regard to derivatives of Hydroxyhehenic Acid cp. D. Warni- 
bnmn.'^ 


2. Dihydroxylated Acids 

♦(Dihydroxytiglic) Tigltoeric Acid,® C5Hio04 = C5Hg02(OH)2 

Tigliceric acid is obtained by oxidising tiglic acid with potassium 
permanganate. The acid crystallises (from ether) in small plates, 
melting at 88° C. It is readily soluble in water, alcohol, and acetone, 
but insoluble in pcti’oleum ether, chloroform, and benzene. 


Difiydroxylated A(UDS, CjgIl3(,02(0H)2 
(a) DlHYpROXYPALMlTlO AciD, 

This acid, obtained synthetically from dibromopalmitic acid 
(dibromo-addition product of hypogaeic acid) by boiling with silver 
hydroxide, forms small laminte (from alcohol) melting at 115° C., and 
readily soluble in alcohol and in ether. 

(b) Dihydroxypalmitoleic Acid, Ci6H3o02(OH)2 

This acid ^ obtained by Bull by oxidising palmitoleic acid, C46H30O2, 
obtained from cod liver oil, with potassium permanganate at 0° C., 
crystallises from alcohol in shining white leaflets melting at 125° C. 
The above formula is confirmed by the determination of the acetyl 
value, viz. 355-7 (theory requiring 365). Dihydroxypalmitoleic acid 
appears to be identical with a dihydroxylated acid obtained by 
Lyubarsky ® on oxidising the liquid fatty acids from Caspian seal oil. 

’ [)wv.(/. Dissert,, Ziiricli, 1909. ’•* Iimvij. DisserL, Konigsberg, 1903. 

^ Fittig, Lie/nYs Aiinnl. 283, 111. ^ WmcACf, 1906, 3574. 

* Journ. /. prafet, Chem., 1898 (67), 26. 
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It formed with dihydroxystearic acid a molecular compound be 
in many respects like a chemical individual (“ eutectic comp 
see p. 116) of the composition C 17 H 34 O 4 ; it melts at 124°-125° C. 

In the light of Ljuharsh/s and Bull's statements the ch 
individuality of the acid C 17 H 34 O 4 , described by Falirion,^ m 
doubted. 


Dihydroxydihydro-chaulmoogric Acids, 018113404 = 017!; 

(0H)2.C00H 

Two acids of this composition were obtained by oxidation of 
moogric acid with potassium permanganate (sec p. 205). 


Dihydroxylated Acids, 018113402(011)2 
(a) Dihydroxystearic Acid ^ 

Dihydroxystearic acid is best prepared by oxidising oi( 
oleic acid with potassium permanganate in alkaline solution ; 
ordinary temperature. It forms crystalline lamime melting at 
0. {Sai/tzeff), 134° 0. {Alhitzhj\ 132°-133° 0. {Leivkowitsch),^ 1 
132° 0. [Le Sneur),^ and solidifying at 119°-122° 0. It is com} 
insoluble in water, easily soluble in hot alcohol, less so in the coh 
sparingly soluble in ether. 

This dihydroxystearic acid has been resolved into two oj) 
active isoinerides by means of its strychnine salt ^ (cp. Griln, p. 

On treatment with potassium permanganate in the hot, pcla 
(nonoic, nonylic), azelai'c, and oxalic acids arc obtained, but n 
stated by Spiridonqff,^ sebacic, suberic, and caprylic acids. 

The calcium, zinc, and nickel salts yield, on heating to 165°-1 
for twelve hours, considerable cpiantitics (24-34 per cent) of K 
stearic acid, CH 3 (CH 2 ) 7 CO(CH 2 ) 8 COOH ; this conlirms indirect 
constitutional formula given above (p, 178) for oleic acid. 


(b) Dihydroxystearidic Acid 

On oxidising elaidic acid with potassium permanganate a dihy 
acid is obtained differing from the preceding acid by its lower m 
point, viz. 99°-irX)° C., and by its greater solubility in alcohol, 
more easily oxidised in the course of preparation than the isor 
obtained from oleic acid {SaytzcjJ)? 

The dihydroxystearic acid melting at 98°-99° C., which was 

1 JowJU Soe. Chew, lad., 1893, 936. Cp. ulso Chem. Zed.., 1899, 1048. T 
w.'is (lescribcfl in the secoinl edition of thi.s work (p. 70) as dihydroxyascllic acid. 
^ Thi.s ticid rnu.st not he confounded with natural dihydroxy. stearic acid ; cji. j 
« Jmrn. Soc. Chem. lad., 1900, Si^. Ibid., 1901, 1316. 

•' Frcundler, Bud. Sac. Chm., 1895 (13), 1052. 

® ('p. Ednied, Jovrn. Chem. Soc., 1898, 627. 

Journ.f. prakt. Chem., 1883 (33), 315. 
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by Schreiner and Shorey ^ to be of common occurrence in poor soils, 
is probably identical with this acid. 

(c) p-DiHYDROXYSTEARIf! AciD 

This acid, obtained from “ iso-olcic ” acid by oxidation with 
potassium permanganate, as also by treatment of dibromo-“ iso-oleic ” 
acid with silver hydroxide, forms a crystalline powder, melting at 
77°-78° C. {M., K., and A. Saytzeff),^ 76°-80° C. {Grun)? and easily 
soluble in alcohol and ether. By treatment with potassium iodide, it 
yields an iodostearic acid which can be reduced to stearic acid by 
digestion with tin and hydrochloric acid. This acid was described 
originally by Saytzeff as an a- j3-di hydroxy stearic acid, on the (now 
disproved) assumption that “ iso-oleic ” acid had the constitutional 
formula CisHgi.CH^CH.COOIl. 

Tlie true a-^ (2, 3) diliydroxystcaric acid, Cj5H3jCH{0H).Cn 
(OH)COOH, obtained from 2, 3, oleic acid by oxidation with potassium 
permanganate (crystallises (from ethyl acetate) in slender needles 
melting at 126° C., and is only slightly soluble in alcohol, ether, or 
acetone in the cold, but appreciably soluble in boiling water {Le Sueur 
Ponzio ^''). 

{d) A diliydroxystcaric acid melting at 122° C. is obtained from 
petroselinic acid (p. 192) by oxidation with potassium permanganate 
{Kohler). 

(c) A dihydroxystearic acid, melting at 129-5° C., was produced 
by oxidising liver lecithin oleic acid (sec p. 193) with potassium per- 
manganate {Hartley). The acid is soluble in ether, alcohol, acetone, 
and ethyl acetate and (.*rystallises from all these solvents, generally in 
form of hexagonal prisms. It is slightly solulile in chloroform and in 
boiling water (difl'erence from the acid described sub {a)). On further 
oxidation it yields caproic acid (and oxalic acid). 

(/) A dihydroxystearic acid, melting at ll6°-117° C., solidifying 
at 114°- 1 13° C., is obtained by digesting di-iodostearic acid, derived 
from ricinoleic- acid, with silver hydroxide, Ghonowshy^ ascribes to 
this acid the constitution CH3(CH2)-.CH(OH).CIl2.Cfl(OH). 
(0112)300211. It can be readily reduced to stearic acid. The same 
acid is found amongst the products resulting from the action of con- 
centrated sulphuric acid on ricinoleic acid (see p. 216). 

For the several dihydroxystearic acids obtained by the action of 
concentrated sulphuric acid at 5°-10° 0. on ricinoleic acid by Griin cp. 

p. 216. 

The 9, 12 Dihydroxystearic acid, OH3 . (0112)5 . OH(OH) . OHg . CHg . OH 

1 Jourii. Amcr. Che.m. SiX., 1908, 1599. 1911, 1412. Unit. St. Dept. Agric.., Circ. 
74, Jan. 1913. 

Journ./. praki. Chem., 1888 (37), 276. ® Bcrkhte^ 1906, 4400. 

■* Journ. Chem. Sue., 1904, 1712. ® Oazz. chim. ituL, 1905 (35), ii. 1. 

•’ Berichte, 1909, 3351. 
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(0H)(CH2)7C00H, melts at 69-5°-70° {Wetterkamj^ i). On heating, the 
dihydroxy acid forms a caoutchouc-like mass, which finally becomes 
viscous, there being formed at first an acid ester of the com- 
position 0271133(011)2 . COO. Cj^ 7H33(OH) .COOH, which is gradually 
converted into the neutral lactide of dihydroxystearic acid 
/O-COv. 

Ci7H33(OH)<^^^ ^^J^C 27 H 33 ( 0 H). Tlic sidphuric ester CH3(CH2)q . 

CH( O.SO3H). dig. CH2.CH(0.S03H). (0112)700011 is prepared by the 
action of chlorosulphonic acid on the 9-12 dihydroxystearic acid. It 
is readily soluble in water. On heating, it forms inner anhydrides like 
the 9-12 acid itself. 

The opticalhf active 9-12 dihydroxystearic acid is obtained in its 
pure state, melting at 126*' 0., from the fraction melting at 120° 0. 
(see p. 216) by further re-crystallisation. A preparation, the optical 
activity of which has, however, not been tested, was found to be 
insoluble in petroleum ether, ether, and cold alcohol, and only sparingly 
soluble in hot alcohol. The solution had an acid reaction. The acid 
exhibited the property, characteristic of all hydroxy acids, to be con- 
verted, by prolonged heating above its melting point, into a syrupy 
mass containing anhydrides. 

For the natural dihydroxystearic acid melting at lir-143° C. cp. 

p. 221. 


Dihydroxyjecoleic Acid, C23H3g04 = Ci3H3o02(01I)2 

This acid, stated to have been obtained by oxidising the liquid 
cod liver oil fatty acids with a half-saturated solution of potassium 
permanganate at 0° C. {Heyerdahl), is in Bull's ^ opinion probably a 
“ eutectic ” mixture of derivatives of oleic and gadoleic acids. The 
melting point is given by Heyerdahl as 1M°-116° C. 

Dihydroxygadoleic Acid, C2oH4o04 = C2oH3g02(OH)2 

On oxidising gadoleic acid (p. 194) with an alkaline solution of 
potassium permanganate at 0° C., dihydroxygadoleic acid crystallising 
from alcohol in lustrous white crystals, melting at 127-5°-128° C. {Bidl 2) 
is said to be obtained. 

Dihydroxylated Acids, C22H4202(0H)2 
(a) Dihydroxybehenic Acid 

This acid, obtained by oxidising erucic acid with potassium per- 
manganate, forms granular crystals melting at 132°-133° C. 132°- 

^ Griin aud Wetterkaiiip, Farhen-Zdtnng, 1909, 279. Wettcrkanip, Inuvn. Dissert., 
Zurich, 1909. 

^ BericMe, 1906, 3575. 
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ISS-S® C. {H. Meyer and R. Beer i). It dissolves readily in warm alcohol, 
but is insoluble in cold ether.^ 

(6) IsODinYDROXYBEHENlC AciD ® 

Isodihydroxybehenic acid prepared from brassidic acid by oxidation 
with potassium permanganate, melts at 99°-100° C., and solidifies at 
88°-87° C. 


(c) Para-dihydroxybehenic Acid^ 

This third isomeride prepared from “ isoerucic ” acid, melts at 
86°-88° C., and solidifies at 82‘^-80° C. 


3. Tpihydroxylated Acids, Cj 8 H 3302 ( 0 H )3 

Trihydroxylated acids are obtained by oxidising ricinoleic and 
ricinelaidic acids respectively with potassium permanganate. Three 
acids have been described hitherto {Hazura and Grussner ; two are 
derived from ricinoleic, and the third from ricinelaidic acid. Mangold 
showed that ricinelaidic acid also yields two trihydroxylated acids, 
one of which is certainly identical with that prepared by Hazura and 
Grussner. It sliould be pointed out that by oxidising the methylester 
of ricinoleic acid with potassium permanganate Haller obtained only 
one trihydroxystearic ester, melting at 87° C. 

(a) Trihydroxy.stearic Acid 

This acid obtained from ricinoleic acid together with the following 
acid (6), crystallises from hot water in microscopic needles melting at 
140°-142° C. It is insoluble in cold, and dissolves with difiiculty in 
hot water, as also in cold alcohol and ether. Warm alcohol and glacial 
acetic acid dissolve it readily. Trihydroxystearic acid is insoluble in 
carbon bisulphide, chloroform, benzene, and petroleum ether. Probably 
this acid is optically active.® 

(h) 9, 10, 12 Trihydroxystearic Acid 

This acid differs from the preceding one by its lower melting point, 
viz. 110°-111° C., and by its ready solubility in ether and benzene. The 
acid is optically active; ® [a]n= -6*25° in glacial acetic acid (c = 10). 
By prolonged heating to 115°-120° C. the acid is converted into a viscous 
substance which represented, after purification, an inner anhydride 
of the formula (018113404)2. 

^ Mitt. d. K. K. Akad. d, IVm., Vienna, January, 1912. 

® Hazura and Griissner, Monatsh. f. Chem., 1888 (9), 948. Cp. also Albitzky, 
dhem. Centra/hL, 1899, i. 1068. 

1 ^ Saytzeff, ./onm.f. prakt. Ohcvi., 1894 (50), 82; Albitzky, Ch^m. Centralhl., 1899, 
i. 1068. ^ Alexandroff and Saytzeff, Journ. /. prakt. Vhe7n., 1894 (49), 63. 

® Cp. also Dieir, Journ. /. prakt. Chevi., 1889 (39), 339. 

« Walden, Berichtc, 1894, 3475. 
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The sulphuric ester, CH3(CH2)5CH(0S03H)CHjjCH(0S03H).CH 
(0S03H2)(CIl2)7C00H, obtained by the action of chlorosulphonic acid, 
is soluble in water. On heating the aqueous solution, sulphuric acid 
is split off and a condensation product is obtained which appears to 
be formed of three molecules of trihydroxystcaiic acid. The con- 
densation product has very likely the following composition, CJ7H32 
( OH )3CO . 0 . C^7H32( 011)200 . 0 . C17H32 . ( 0 H )2C0bH. 

(c) ISOTRIHYDROXYSTEARIC AciD 

Two isomerides are obtained, according to Mangold} by oxidising 
ricinelaidic acid. One of these was described by Hazura and Grilssner 
as melting at 111°-116'^ C., sparingly soluble in hot water, ether, chloro- 
form, and petroleum ether, and dissolving readily in alcohol. Probably 
Mangold's acid, of the melting point 113°-11G'' 0., is identical with 
isotrihydroxystearic acid. 

The second trihydroxystearic acid from ricinelaidic acid melts 
between 117° and 120° C. 

It appears probable that both acids rotate the plane of polarised 
light. 


4. Tetrahydroxystearic Acid, 

The tetrahydroxystearic — saliinc — acid obtained by Hazura on 
oxidising linolic acid, crystallises from water in microscopic needles or 
pyramidal prisms melting at 173° C. (Hazura), 171° C. (Hehner and 
Mitchell). One part of the acid is soluble iti 2000 ])arts of boiling water. 
Sativic acid is insoluble in cold water, ether, chloroform, carbon bi- 
sulphide, and benzene. Hot alcohol and glacial acetic acid dissolve 
it readily. Potassium permanganate oxidises it to azelaic ac id, oxalic 
acid, and a hexoic (caproic ?) acid (Goldsohd ^). 

Several observers ^ obtained by the same method tetrahydroxy 
acids of lower melting points (152° C. ; 157°-158° C. ; 1G1° C. ; 165° C.). 
Since theory predicts the existence of a number of isomeric t etrahydroxy 
acids, the author considered it likely that at least two isomeric tetra- 
hydroxystearic acids existed.'* Since then, indications as to their 
existence seemed to have been furnished by the fact that Hartleg^ 
obtained two apparently different tetrahydroxy acids by oxidising tlie 
liquid fatty acids of liver fat. One of these acids melted after repeated 
crystallisation at 175° C., and yielded on further oxidation with 
potassium permanganate volatile acids (acetic, caproic). 

This view appeared to be further confirmed by observations of 
Tsujimolo,^ who obtained from chrysalis oil, soya bean oil, and rice oil, 
tetrahydroxystearic acids melting respectively at 154° C., 156°-157-5° 
C., and 159° 0. 

1 Monatsh.f. (Jhein., 1892, 326. 2 1906, 82f>. 

^ Kiihrioii, Znls.f. angein. (Jhem., 1901, 1483 ; Pow»*r and Burro wcJiH’, Jovru. Chem. 
>%c., 1905, 896 ; Krfizan, Cheni. Revue, 1908, 8 ; 1909, :S. 

See 4th e<Ution of this work, Vol. I. p. 177 ; Jahrbuch <1. Che.m.., 1909, xix. 43. 

^ Jowru. f. Physiol., 1909 (38), 367. ® CVtm. Revue, 1911, p. 111. 
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The view that the lower melting point of some preparations of 
sativic acid might be due to small proportions of adhering dihydroxy- 
stearic acid was disproved by ll. Meyer and R. Beer} who by careful 
purification of a tetrahydroxystearic acid melting at 158"^, only succeeded 
to raise its melting point to about 163° C. They therefore arrive at 
the conclusion that two isomeric sativic acids exist, melting respectively 
at 173° C. and 162°-163° C. The lower melting acid is termed a-sativic 
acid, the term ^-sativic acid being reserved to the higher melting acid, 
a-sativic acid is more readily soluble in water than the higher melting 
/3-acid. The two acids would therefore appear to correspond to two 
linolic acids. This finds support in a statement by Thoms, who obtained 
from telfairic acid a tetrahydroxy acid melting at 177° C. 


5. Hexahydroxystearic Acids, CigH3o02(OH)g 

(a) Linusic Act I) ^ 

Linusic acid, obtained by the oxidation of linolenic acid, crystallises 
from water in rhombic plates (occasionally in needles) melting at 
203°-205° C. (Hazura), 2()4-5° C. [Kriiian). Linusic acid is more 
j eadily soluble than sativic acid in water ; it is insoluble in ether, and 
sparingly soluble in alcohol. 

{h) IsoLiNusic 

This isomeride was first obtained, together with linusic acid, by 
oxidising linseed oil fatty acids with potassium permanganate. From 
this acid the existence of isolinolenic acid (p. 209) was inferred. 

Isolinusic acid crystallises in prismatic needles melting at 173°-175° 
C. [Hazura), 176° C. {Kriizau). It is sparingly soluble in cold water, 
and dissolves easily in hot water and hot alcohol ; it is insoluble in ether, 
benzene, carbon bisulphide, and chloroform. 

Bedford doubted the existence of this acid (cp. p. 233). The state- 
ments of Tsujimoto and Krzizan, who obtained isolinolenic acid from 
chrysalis oil, and from raspberry and blackberry seed oils, respectively, 
would not, in the author’s opinion, have controverted Bedford’s state- 
ment, inasmuch as in each case Lie “ isolinusic ” acid Avas only identified 
by its melting point, which is the same as that of /8-sativic acid. But 
since Rollett has shown that linolenic acid prepared from hexabromo- 
linolenic acid yields on oxidation linusic as well as isolinusic acid, the 
existence of isolinusic acid can no longer be doubted. 

6. Oetohydroxylated Aeids, C,Jl2„-802(0H)8 

Acids of this composition should be obtained by very careful oxida- 
tion of the acids belonging to the clupanodonic series. Clupanodonic 

^ Monatsh. f. Clicm., 1892, ^2(5. 

” llefoniiatzky, Jouni./. prakt. Chem., 1890 (11), 529, tlirew doubt on the existence 
of those acids. 
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acid itself, although readily accessible, has not yet been examined in 
this direction. The existence of a higher octohydroxylated acid should, 
however, point to the possibility of preparing octohydroxystearic acid. 

OCTOHYDROXYARACHIDIC AciD, C2oHg202(OH)8 

This acid was found amongst the oxidation products of the unsatur- 
ated acids of liver lecithin {Hartley ^). It is easily soluble in water and 
crystallises from it in small rectangular prisms, melting at 195° C. 

11. — Acids of the Stearoltc! Series, C,iH2«-402 

These acids are isomeric with the acids of the “ Linolic Series.” 
They differ from them in that they contain one pair of trebly linked 
carbon atoms. They are also isomeric with the acids of the “ Tariric 
Series,” with which they share the property of having one triple bond. 

The acids belonging to this series are obtained from the dibromo 
derivatives of the acids of the “ Oleic Series ” by heating with (mciliyl- 
or ethyl-) alcoholic potash, whereby two HBr groups are eliminated. 

These acids are very stable and are not oxidised by exposure to tlie 
atmosphere, like linolic acid. On treatment with chlorine or broniine, 
one molecule of the halogens is easily assimilated. The second molecule 
is only absorbed, if the halogens be allowed to act for a prolonged time 
and the action be assisted by heat or by exposure to daylight. The 
absorption of iodine is much slower than that of chlorine and bromine ; 
even if ferrous iodide be used as a catalyst, the amount of iodine absorbed 
does not exceed one molecule.^ By allowing iodine to act in a solution 
of glacial acetic acid, and heating to 50° or 60° C. with agitation, the 
di-iodides are formed rapidly and quantitatively. 

Even if HiihVs reagent be used (on stearolic and behenolic acids), 
only one molecule of iodo-chloride is absorbed. This hehamour forms a 
characteristic difference between these acids and the isomeric acids of the 
linolic series. (The same characteristic dilference exists between the 
glycerides of stearolic and behenolic acids on the one hand, and linolin 
on the other.) 

Molinari’s statement that stearolic acid does not assimilate ozone 
and can thus be easily differentiated from the acids of the linolic series, 
is strongly contested as erroneous by Harries,^ but is quite as strenu- 
ously maintained by Molimri.^ 

Palmitolic Acid, CigH2802 = dig. ( 0112 ) 7 . C = C.(CH 2 ) 5 .COOn 

Palmitolic acid (not to be confounded with palmitoleic acid, p. 177) 
obtained by heating hypogseic dibromide with alcoholic potash to 170° C. 
(Schroder ®), crystallises in silky needles melting at 42° 0. (47° Boden- 
stein^). It boils under 15 mm. pressure at 240° C. It is insoluble in 

‘ Journ. /. Physiol., 1909 (38), 367. 

2 Lieberraann and Sachse, Berichte, 1891, 4112 ; Quensell, ihkl., 1909, 2441. 

* Berichte, 1907, 4907. * Berichte, 1908, SOf) ; 2782. 

® Liebigs AnnaL, 1867 (143), 27. ® Berichte, 1894, 3402. 
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water, easily soluble in alcohol and ether, and absorbs readily two and 
four atoms respectively of bromine. After treatment with fuming nitric 
acid the following oxidation products were identified : Palmitoxylic 
acid (CjqH 2404), suberic acid, and suberic aldehyde. By treatment 
witli concentrated sulphuric acid keto-palmitic acid, 01X3.(0112)7.00. 
(0H2)g0O2H, melting at 74° 0., is obtained. 

Stearoltc Acid, OigHggOg-OHg- (0H2)7-0-0(0H2)7 -OOOH 

Stearolic acid is obtained by heating oleic dibromide with alcoholic 
potash {Overbeck} Quensell^). The several glycerides (mono-, di-, tri-) 
prepared synthetically from this acid have been described above (p. 29). 
It crystallises from alcohol in long white prisms melting at 48° 0. 

The comparatively high melting point had induced the author to 
prepare it commercially from oleic acid with a view to using it as candle 
material (cp. Vol. 111. Ohap. XV. “ Conversion of Oleic Acid into Candle 
Material ”). 

Stearolic acid (like tariric acid) seems to absorb hydrogen in stain 
nascendi with difficulty. Arnaud^ reduced stearolic acid to stearic 
acid by means of faming hydriodic acid and amorphous phosphorus. 
There is little doubt that reduction with hydrogen in the presence of 
catalyst would readily yield stearic acid. 

By oxidising stearolic acid with nitric acid, pelargonic and azelaic 
acids are obtained. Oxidation with potassium permanganate yields as 
principal products pelargonic and suberic acids. Ca})ry]ic and azelaic 
acids represent only 25 per cent of the resulting substances {Arnaud and 
Hasenfralz^). By careful oxidation stearoxylic acid is obtained. On 
melting with caustic potash, acetic, hypogieic, and, finally, myristic 
acids are obtained {Marasse} Bodenslein^). 

Concentrated sulphuric acid yields with stearolic acidlO,ketostearolic 
acid {Baruch^). 

Stearolic acid absorbs two molecules of hydriodic acid when a current 
of hydriodic acid gas is passed through the melted acid ; the di-iodo- 
stearic acid so obtained can be reduced to stearic acid, whilst the addition 
product obtained when allowing only one molecule of hydriodic acid 
to be absorbed, yields, by reduction with zinc and acetic acid, elaidic 
acid. By boiling the addition pi'oduct from one molecule of hydrioidic 
acid and one molecule of stearolic acid, the original stearolic acid is 
regenerated, whereas the product from two molecules of hydriodic acid 
and one molecule of stearolic acid yields a complex mixture containing 
regenerated stearolic acid and two isomerides having triple bonds 
respectively between the 8th' and 9th carbon atoms and between the 
10th and 11th carbon atoms. Nitric acid oxidises the former of the two 
acids to suberic acid, and the latter to sebacic acid. 

Stearolic di-iodide, CJ8H32O2I2, was obtained by allowing iodine in 
carbon bisulphide solution to act on stearolic acid, ferrous iodide being 
used as a catalyst {Liehermann and Sachse ^). The iodide is formed 

1 Liehif/a AnnaL, 1866 (140), 49. 2 3395 (j22), 1000. 

“ Cowpt. rend., 1911 (162), 1603. Betdchte, 1869, 259. 

® lierichte, 1894, 3398. ® Bcrichte, 1894, 174. ’ Berichie, 1891, 4116. 
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almost instantaneously by employing Arnmid and Posternah’s ^ method, 
the theoretical quantity of iodine being allowed to act in glacial acid 
solution on the acid at a temperature of 50°-60° C. with agitation. The 
di-iodide crystallises from strong alcohol in colourless needles and from 
somewhat dilute alcohol in plates melting at 51° C. The ammonium 
salt is easily soluble in cold alcohol (Difference from tariric acid). 

Mcthi/lester, crystallises in needles solidifying at -3° C., and distils 
under a pressure of 20 mm. at 201°-206° C. 

Eth/hster, distils under a pressure of 20 mm. at 215°-216° C. 

Amide, crystallises in scales melting at 78° C. 

Anilide, crystallises in prisms melting at 63° C. 

Petroselinolic Acid, C 18 H 32 O 2 - CH 3 . (CH 2 )ioC C(CIl2)4C00H 

This acid, the constitutional formula of which is assumed (by the 
author) to correspond to that of petroselinic acid, was prepared by 
melting petroselinic dibromide with alcoholic potash under |)ressure 
(see p. 193). The acid melts at 15° C. {E. VongericJiten ami A. Kohler ^). 

Behenolic Acid, C 22 H 40 = OgCIIg - (CHg); - C = C - (dig)!! - COOIl 

This acid, obtained from erucic dibromide in the same manner as is 
stearolic acid from oleic dibromide (cp. Otto,^ Hausknecht,^ v. Grossmann,^ 
Holt ; ® Quensell '^), crystallises from alcohol in shining needles, melting 
at 57-5° C. The several glycerides (mono-, di-, tri-) containing this acid 
have been described above. 

Behenolic acid absorbs readily two and four atoms of bromine, 
forming respectively dibromide and tetrabromide. With zinc dust 
and glacial acetic acid it is reduced to brassidic acid. Fuming nitric acid 
oxidises it to dioxybehenolic, brassidic, C22B4QO4, brassylic, ^13^^2404, 
pclargonic, and arachidic acids, with evolution of carbon dioxide 
{Grossmann). By treatment with concentrated sulphuric acid keto- 
behenic acid, C8Hi7CO.(OH2)i2COOH, is obtained.^ 

Behenolic di-iodide, C22n4Ql202, is obtained by allowing the theoretical 
amount of iodine to act on a glacial acetic acid solution of behenolic acid 
at a temperature of 50°-60° C. It crystallises from hot alcohol in soft 
needles, melting at 50°-51° C. {Arnaud and Poster nak^). 


III. — Acid of the Ricinstearolic Series, C4gH34(0H)02 

Ricinstearolic Acid, C48ll3203 = CH3.(CIl2)5.CH(0n).CIl2 -C = 

C(CH2)7.C00H 

Ricinstearolic acid, obtained from ricinoleic di bromide in the same 
manner as is stearolic acid from oleic dibromide ( Ulrich,^ Goldsohel ; 

* Compi. rend., 1909 (149), 220. 

2 Jierirhte, 1909. 1638. ^ Liefdys Annfd., 1865 (135), 226. 

■* Jhid., 1867 (143), 41. ® Inany. Dissert., 1890. Berichte, 1893, 641. 

« Juaup. Dissert., Rostock, 1892. ’ Inautj. Dissert., Berlin, 1909. 

^ Gmnpt. rend., 1909 (149), 221. ** Zeit.f. Chevi., 1867, 547. 

Berichte, 1894, 3122. 
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Mangold i), crystallises from alcohol in needles melting at 51" C. ( Ulrich ) ; 
53° C. {Quensell ^). 

The acid is optically active a[i)]— + 13-67° in acetone solution (for 
c = 6-4) (Walden^). 

Treatment with concentrated sulphuric acid leads to ricinostear- 
oxylic acid (kctohydroxystearic acid), 

The sulphuric ester, CH 3 (CH 2 ) 5 .CH( 0 .S 03 H).CH 2 .C = C.(CIl 2)7 
COOH, is obtained from chlorosulphonic acid and ricinstcarolic acid 
(Woldenherg ^). 


IV. — Dibasic Acids 

These acids are soluble in water, and are therefore easily isolated. 
Their characteristic melting points afford a ready means of identifi- 
cation.^ 


Suberic Acid, = Cgllig (C00II)2 

Suberic acid crystallises from water in long needles or irregular 
plates melting at 140° C. ; it boils in vacuo at 152-5° C., and under a 
pressure of 15 mm. at 230° C. 

The acid is almost insoluble in chloroform. 100 parts of ether 
dissolve at 15° C. 0-809 part ; 100 parts of water dissolve at 0°, 15-5°, 
20°, 50°, 65° C.~0-08, 0-142, 0-16, 0-98, 2-2 parts res])ectively. 

AzelaIc Acid, CyHjg()4-C7Hi4(COOII)2 

This acid is one of the decomposition [iroducts of oleic acid ozonide 
and liriolic acid ozonide, as also of the nitrogen tetroxide addition com- 
pound of oleic, and ricinoleic acids. It crystallises from water in large 
larnimo or long hat needles, melting at 106-2° C. ; it boils in vacuo at 
158° C., and under a pressure of 15 mm. at 237° C. 

100 parts of ether dissolve at 11° C. 1-88 parts, and at 15° C. 2-68 
parts of the acid. 100 parts of water dissolve at 0°, 20°, 50°, 65° C. — 

0- 10, 0-24, 0-82, 2-22 parts respectively. Molinari and Fenuroli ® give 
the following solubilities : 100 parts of water dissolve at 15°, 22°, 44-5°, 
and 55° C. respectively the following amounts: — 0-212, 0-214, 1-017, 

1- 648 parts ; at higher temperatures the solubilities increase rapidly. 

Sebacic Acid, CioIIjg04 = C8HjQ(COOII)2 

Sebacic acid was recognised by Redtenbacher ^ as a characteristic 
product formed by destructive distillation of oils and fats. It forms a 
decomposition product of the nitrogen tef ro.Kide addition compound 

^ Momtshefte, 1895 (1.5), 314. 

2 Inaug, Dissert., Berlin, 1909. ^ Berichte, 1894, 3475. 

■* Inaug. Dissert., Ziirich, 1908. ® Cp. Bouveault, Ball. Soc. Chivi., 1898, 562. 

® Beriehic, 1908, 2790. Liebig's Annul,, 1840 (35), 190. 
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of isoleic acid. Sebacic acid crystallises from water in thin laminae, 
melts at 133°-133-6° C., and boils m vacuo at 164° C., and under a pres- 
sure of 15 mm. at 243*5° C. It is easily soluble in alcohol and ether. 
100 parts of water dissolve at 0°, 20°, 50°, 65° C. — 0*004, 0*10, 0*22, 
0*42 parts respectively. 


Brass YL ic Acid, Ci3H2404 = CiiH22(C00H)2 

Brassylic acid is obtained from erucic acid as one of the decom- 
position products of its ozonide or its nitrogen tetroxide addition 
product (Jegorow ) ; it is also formed by oxidation of behenolic acid with 
fuming nitric acid. It crystallises from hot aqueous solutions in flat 
needles, melting at 112°,^ 114° C.^ ; the acid is easily soluble in alcohol 
and ether, insoluble in petroleum ether and cold benzene ; 100 parts 
of water dissolve at 24° C. 0*74 parts. 


B. ALCOHOLS 

I. — Alcohols of the Ethane Series, C,jH2n+2^^ 

The alcohols belonging to the saturated series occur in waxes, or 
in the wax-like “ un.saponifiable ” constituents of some fats and are 
solid, white, crystallisable substances, melting without decomposition. 
They arc not acted upon by dilute alkalis or acids ; on boiling with 
alcoholic potash and diluting the solution with water, they arc pre- 
cipitated unchanged. Hence they are termed “ unsaponifiable.” 

On heating the alcohols with organic acids (or their chlorides or 
anhydrides) esters are formed with elimination of water. 

The alcohols dissolve in concentrated sulphuric acid in the cold 
to form alkyl sulphuric acids ; on boiling with dilute acids they are 
re.solved into their components (cp. Chap. IX.). 

A characteristic property of the alcohols, iLsed for their identification, 
is their behaviour with soda-lime (or potash-lime) on heating ; they are 
thereby converted into the corresponding fatty acids, with evolution 
of hydrogen. Thus cetyl alcohol yields palmitic acid, as is indicated 
by the equation — 

C15H31 . CHg . OH -1- NaOH - CigH.,, . COONa+ 2H2. 

On oxidation with chromic acid in acetic acid solution, they yield fatty 
acids having the same number of carbon atoms. 

These reactions are employed for the identification and quantitative 
determination of these alcohols (Chap. IX.). 

• GrossniJiiiii, Ikrickfe, 189IJ, 844. 

^ Fileti and Ponzio, (t'azz. chi/n.^ 1893 (23), ii. 393. 
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PiSANGCERYL AlcOHOL, CigHggO ^ 

Pisangceryl alcohol is stated to be the alcoholic constituent of pisang 
wax ; it melts at C. The uneven number of carbon atoms would 
seem to suggest that the identity of this alcohol requires confirmation. 

Cetyl Alcouol, CjgHa^O 

Cetyl alcohol, or ethal (first isolated by Ckevreul), occurs, combined 
with palmitic acid, in spermaceti. It has also been found in the sebaceous 
glands of geese and ducks. It is a white, tasteless, and odourless 
crystalline mass melting at 50° C. and boiling under ordinary pressure 
at 344° C. without decomposition, under a pressure of 15 mm. at 
189-5° C., in vacuo at 119° C. -0-8176 ; ^^^^- = 0-8105; 

= 0-7984; = 0-7837. 

Cetyl alcohol is insoluble in water ; it dissolves in alcohol, and is 
very easily soluble in ether and in benzene. The statement that cetyl 
alcohol, when heated with an aqueous solution of potassium bichromate 
and dilute sulphuric acid, is converted into cetyl aldehyde crystallising 
from alcohol and ether in lustrous laminje is incorrect, as cetyl alcohol 
remains for the most part unchanged ; in acetic acid solution, however, 
the oxidising mixture converts cetylalcohol into palmitic acid.^ Cetyl 
alcohol dissolves in cold concentrated sulphuric acid to form cetyl 
sulphuric acid, CjgHgjO . SO 3 H, which by boiling with aqueous hydro- 
chloric acid is split into sulphuric acid and cetyl alcohol.® 

Cetyl acetate crystallises in needles melting at 22°-23° C., and boiling 
at 199-5°-200-5° C. under a pressure of 15 mm. It dissolves sparingly 
in alcohol. 

Cetyl benzoate crystallises in scales melting at 30° C. ; it is readily 
soluble in ether, and dissolves with difficulty in alcohol. 


OcTODECYL Alcohol, CjgHggO 

This alcohol occurs, as an ester, in spermaceti and in rump 
gland wax. It crystallises in large silvery laminso (from alcohol) 
melting at 59° C., and boiling at 210-5° C. under 15 mm. pressure ; if 
the pressure is allowed to rise to 100 mm. it undergoes decomposition. 
c^':" = 0-8124, =0-8048, and 0-7849. 

4 * ’4 ' 4 

Octodecyl acetate melts at 31° C., and boils at 222°-223° C. under a 
pressure of 15 mm. 


Alcohols, C 20 H 42 O 

(a) Arachyl Akohol—Thm alcohol is a constituent of the fat of the 
dermoid cysts, and hitherto has been considered to be identical with 

^ Greshoff ami Sack, Jitc. d. trav. chim. Pays-Bas, 1901, 60 . 

2 Cp. Claus and v. Oredon, Joum.f. pmkt. Chem., 1891 (43), 148 ; with regard to 
cetylphosphate, cj). Hiehringer, Berichte, iOO,*), 3974. 

* Coclieiihausen, Diitgl. Pvlyt. Journ-, 1897 (303), 284. 
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cetyl alcohol. The alcohol melts at 70° C. ; on oxidation with chromic 
acid it yields arachidic acid. Arachyl alcohol prepared from arachidic 
acid (Haller) melts at 71° C. 

Arachyl acetate melts at 44° C. and boils under a pressure of 3 mm. 
at 22 ° C. (Ameseder ^). 

(h) Raphia Alcohol. — This alcohol forms the cliief constituent of 
Raphia Ruffia wax (Vol. II. Chap. XIV.). It is not identical with the 
arachyl alcohol obtainable from arachidic acid (Haller^). The alcohol 
melts at 80° C. The acetate melts at 55° C. ; the benzoate melts at 55° C. 

Caenaubyl Alcohol, C 24H50O 

Carnaiibyl alcohol, stated by Darmstaedter and Ldfschutz to occur in 
wool wax,^ is obtained from its alcoholic solution (75 to 80 per cent 
alcohol) in crystals melting at 68°-G9° C., solidifying at r)7°-65° C. The 
alcohol is said to retain water very tenaciously and to form a tallow-like 
mass, consisting of 26-7 per cent of carnaubyl alcohol and 73'3 per cent 
of water. On exposure to the air this mass does not lose weight. 

By oxidation with chromic acid, carnaiibic acid is obtained. 

Doubt has been thrown on the existence of this alcohol by Rbhmann. 
This doubt would seem to be supported by an observation made by 
Matthes and Sander,^ w’ho found in the unsaponifiable matter of laurel 
oil a crude alcohol solidifying in a one per cent alcoholic solution to a 
gelatinous mass exhibiting (after drying) a melting point of 65°-06° C., 
which rose to r)7°-08° (1. after repeated redissolving in alcohol. This 
property, taken in conjunction with the results of elementary analysis, 
would seem to point to the substance being carnaubyl alcohol ; yet by 
recrystallising from petroleum ether, the gelatinous mass could be re- 
solved into pure mclissyl alcohol and lauraue (a hydrocarbon, melting 
at 69° C.). 

An alcohol of the formula, C 24 H 5 QO or C 25 H 52 O, has been found in 
small quantities in beeswax. 

Ceeyl Alcohol, C 26II54O 

Ccryl alcohol occurs as ceryl ccrotate in Chinese wax, and as ceryl 
palmitate in oj)ium wax. In ordinary beeswax it occurs to a small extent 
only, whereas it forms the only alcoholic constituent of Ghedda wax.^ 
In wool fat it is found in its free state,® and occurs perhaps also as ceryl 
cerotate therein.’^ Very small quantities of ceryl alcohol have been 
found in the unsaponifiable matter of Japan w^ax. It has also been 

^ Zeils. f. 2>hys. (Jkem., 1907 (52), 121. Cimipt. reufl.^ 1907 (H4), 594. 

^ lierichte, 1896 (29), 2890; Journ. tSoc. C/ievi. hid., 1897, 150. 

Arch. d. Vharm., 1908 (246), 169. 

A. Lipp and E. Kuhn, Juvrn. f. jirakt. Chevi., 1912 (86), 184. 

® Lewkowit.sch, Journ. Soc. Ch4>m. hul., 1892, 138. 

Buiaine, Bull, Soc. Chim., 1887 (72), 201. 
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identified as a constituent of the wax of flax ^ and of carnaiiba 
wax. 

It crystallises readily from an alcoholic solution in crystals melting 
at 79° C. and undergoing decomposition on distillation. By heating 
ceryl alcohol with soda-lime cerotic acid is obtained. 

Ceryl alcohol behaves with concentrated sulphuric acid like cetyl 
alcohol. 

Ceryl acetate melts at 65° C. 

Ceryl benzoate melts at 53-5° C. {Lipp and Kuhn). 


IsocERYL Alcohol, C^^IIggO 

This alcohol is stated to have been found in the wax of Ficus yimmi- 
fiim and to melt at 62° C. ; its acetate melts at 57° C. 

An alcohol," stated to have the formula 02711-^0 t- 6 H 2 O, was isolated 
from wool fat by Darmstaedler and Lifschiilz. I'lie existence of this 
alcohol must be doubted. 


Melissvl \lcohol (Myrk'yl Alcohol), C3oHg20^ 

Melissyl alcohol occurs in beeswax as palmitato {Brodie), in carnaiiba 
wax both in the free state and as an ester {Storey- Maskelyne,^ PiecerUny,^ 
Stiircke^'), in sugar cane wax'^ and in curcas wax (see Vol. IJ. Chap. 
XIV.) as melissyl melissate. Many oils and fats seem to contain very 
small (juaiitities of this alcohol. Thus it has also been found in parsley 
seed oil and in Japan wax ; laurel oil contains about 0-125 per cent. 

Melissyl alcohol crystallises from ether in small silky needles melting 
at 85° C. or 88 ° C. {Gasc^ml). It is almost insoluble in cold, but dissolves 
readily in hot alcohol ; it is sparingly soluble in cold petroleum ether, 
common ether, and chloroform ; in the hot it dissolves much morej-eadily 
in these solvents. By heating with soda-lime the alcohol is converted 
into melissic acid. According to Schwalh,^ “ myricyl ” alcohol from 
beeswax has the formula CgiHg^O. Gascard ® states that the “ myricyl ’’ 
alcohols from beeswax and carnauba wax are identical, and have the 
composition Cgilig^O, The analytical data obtained by Maithes and 
Sander agree, however, with the formula C 3 QHg 20 . 

Melissyl acetate melts at 73° C. {Gascard)^ 75° C. {Matthes and 
Sander). 

Melissyl benzoate melts at 70° C. {Gascard ; Matthes and Sander). 


^ Cross and ]}cvait, .fourn. C%;.m. •S<jc., 1890, 196. Iknchfe, 29, 2895. 

^ Gji.scaid {'ives tin- formula CjjH^yO (cp. .hmrn. Soc. Chtm. lad., 1893, 955). 

Joiirn. Ckem. *S'oc. 7 87. ® Luhig's Anwd. 183, 344. 

'> Ibid. 223, 283. 

Tim wax obt.'iiiied Ly scraping off the sugar cane is almost pure myricyl alcohol, 
Wijnbcrg. Het lUetuns, etc., Amsterdam, 1909 (1. H. de Bussy). 

Liebig's Annul. 23.5, 126. » Journ. Pharm. Chem., 1893, 49. 

Arch. d. Plmrm., 1908 (246), 169. 
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PSYLLOSTEARYLIC AlCOHOL, CggHggO ^ 

This alcohol, first described as having the composition ^33^66^5 
later on judged to be an anhydride of the formula (CggHggOjgO, has 
been recognised as an alcohol having the composition 
uneven number of carbon atoms would, however, suggest that the 
formula CggHggO requires confirmation. The alcohol is stated to occur 
combined with psyllostcarylic acid (psyllic acid) in the wax of Fsylla 
alni (an aphide living on the leaves of Alnus incana), and also in the wax 
of humble (bumble) bees {Sundwick^); it crystallises in silky scales 
from benzene, petroleum ether, and chloroform. The psylla wax alcohol 
melts at 68°-70° C., the humble (bumble) bee wax at 61)°-69-5'^ C. 
Nevertheless the two alcohols arc not identical, for Sundwick ^ has 
shown later on that psylla alcohol yields psyllostcarylic acid on heating 
with soda-lime, whereas humble (bumble) bee wax yields a different 
product. 

Psyllosfearyl acetate, C33Hg,0 . 021136 crystallises in needles. 

Psyllostearyl henzoate, CgjHg^O.CyHgO, crystallises from benzene 
or petroleum ether in needles, melting at 0. 

An alcohol of the same composition occurs to the extent of about 
30 per cent in the crude sugar cane wax (Wijnbery). 

Incarnatyl Alcohol, ^34^70^ 

This alcohol has been isolated ® from the flowej s of Trifolium 
incarnatum, L. It crystallises in fine, colourless needles melting at 
72‘^-74“ C., and has been identified with an alcohol isolated by Sunduyick ^ 
from the wax of the humble (bumble) bee, and stated to melt at 75° C. 
(It will be seen from the above given notes that the composition and 
melting point of humble bee wax is somewhat doubtful.) 


II. — Alcohols of the Allylic Series,^ Cnlla/iO 

The alcohols belonging to this group, and stated to occur in waxes, 
have not yet been studied thoroughly. 


Lanolin Alcohol, GAO 

This alcohol had been stated by Marchetti ® to occur in wool wax. 
Shortly afterwards Darmslaedter and Lijschutz isolated from wool 
wax two more alcohols, to which the formulse C^oIIggO and CjjHggO 

^ Sundwick, Zdts. f. jfhyswl. Chevi., 1901 (32), 355 ; Zeit.s. f. phydal. Chem., 1907 
(53), 364. “ JbiiL, 1911 (72), 455. 

^ H. Kogerson, Journ. (Jhem. Noe., 1910, 1011. 

* Zdts. f. 'physiol. Chevi., 1898 (26), 58. 

^ nie unsaturuted alcohol.s occurring in sperm oil (Lewkowitscli, Journ. Sue. Clicm, 
Ind., 1892, 134) j)rob;tbly l^elong to this .series. ® Uazz. chiui,, 1895, 22. 

’ Journ. Soc.'Chem. Ind., 1896, 206. 
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were assigned. Believing to have found lower homologues of lanolin 
alcohol, they proposed the name “ Lanestols ” for the whole series. 
More accurate examination undertaken by them in consequence of 
LewkowitscJC s researches^ proved, however, that the two alcohols, 
C 10 H 20 O and C 11 H 22 O, do not exist. Therefore, the existence of Mar- 
cJietti's alcohol also becomes doubtful. 

An alcohol of the composition CjgHgQO has been found in the ether- 
soluble part of the wax from Ficus gummijlua. An alcohol of the 
formula Cg^H^gO is stated to occur, combined with acids, in the wax 
of cochinea]. 


III.-— Alcohol of the Series 

Ficocekyl Alcohol, ^ ^ 17 ^ 28 ^ 

Ficoceryl alcohol is said to form the alcoholic constituent of gondang 
wax ; it melts at 198° C. The uneven number of carbon atoms would 
suggest the desirability of confirming the composition of this alcohol 
by a renewed investigation. 


IV.— Alcohols op the Glycolic Series, CrtH2„j.2^2 

^CH OH 

An alcohol of the composition OH 

occurs, according to Sturcke,^ in carnauba wax as an ester. It is a 
crystalline powder, melting at 103-5‘’-103'8° C. ; sparingly soluble in 
boiling petroleum ether, more readily soluble in ether and in benzene. 

XOOIl . 

IS 


On heating witli soda -lime, a dibasic acid, ^^ 23^^10 
obtained. 


CoccERYL Alcohol, CggllggOg 

Cocceryl alcohol occurs as coccoryl coccerate in the wax of cochineal 
{Lieberinann). It is a crystalline powder (from alcohol) melting at 
101°-104° C. By oxidation with chromic acid in acetic acid solution, 
pentadecyhc acid, CjgHggOg, is obtained. 


V. — Alcohols op the Series 
Glycerol, CgHgOg = CH2(OH) . CH(OH) . CHafOH) 

Glycerol^ occurs in combination with fatty acids in all fatty oils 
and fats ; it was discovered by Scheele^ when preparing lead plaister 

1 Journ. Soc. Cfiein. hid,, 1896, 15. 

Gmsliotr and Sack, Rec. d. trav. chim, Pays-Bas, 1901, 65. 

'* Liebig's Aniwl. 223, 283. 

^ Ulycerol denotes hero the chemical individual C3H8O3, whereas the technically pre- 
pared clieniically pure glycerin represents only the nearest approach to glycerol. All 
technical preparations are best termed '^glycerin " a.s is the case in commerce, 

“ Vrell’s Ounn. Anml. 1783, 99. 
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from olive oil, and was termed by him “ principium dulce.” It is 
found in the free state in fermented alcoholic liquors,^ and also in 
blood.^ One hundred parts of sugar produce 3-5 parts of glycerol. 
The synthetical preparation of glycerol has only theoretical interest, 
and, therefore, falls outside the scope of this work.^ The technical 
production of glycerol will be dealt with exhaustively in Vol. HI. Chap. 
XV. under “ Glycerin Manufacture.” 

Glycerol (purest, “ chemically pure ” glycerin) is a colourless,'* 
odourless, viscid liquid, having a sweet taste. It is optic'ally inactive 
and is neutral to indicators. On exposure to an intense cold for a 
prolonged time, it crystallises in rhombic crystals melting at 20’ C. 
With the aid of a few crystals, large quantities of glycerol can easily 
be converted into a crystalline mass at O'’ C.^ 

Glycerol is oily to the touch, and produces on the skin, especially 
on the mucous membranes, the sensation of heat, due to its absorbing 
moisture from the tissues. The water-absorbing power of glycerol 
is so great, that on exposure to the atmosphere as much as 50 f)ci’ cent 
of its own weight of water is taken up. A formula for calculating the 
hygroscopic power of glycerin has been given by A. Kailan.^ 

The numbers recorded by several observers for the specific gravity 
of pure glyceriu do not agree, owing, no doubt, to the difiiciilty of 
freeing it from the last traces of water, which can only be removed 
completely by allowing to stand in vacuo over sulphuric acid for some 
prolonged time.'^ The most reliable values are the following : — 

C. = 1-26468, = 1-2620. /ia<7nn ® gives the general formula 

for temperatures between 14-3° and 20-6° C. : — d [ = 1-26143 + (15 - ^ x 
0-000632. Further information will be given in Chapter XV., where 
also the refractive indices at dilTerent temperatures will be found. 

At the ordinary temperature glycerol does not volatilise ; at the 
boiling point of water, however, appreciable quantities e.scape as 
vapour. Hence, if glycerol be heated in an open dish on a water- 
bath, a slight lo.ss is incurred, such lo.ss depending on the shape of the 
vessel (whether deep or shallow), the area of the surface exposed,® and 
the frequency with which the air over its surface is renewed. 

Glycerol boils under 760 mm. pressure at 290° C. (cp. also table of 
Vapour Tensions, p. 246), with slight decomposition only. At pressures 
below 12 mm. it distils unchanged. 

The following table contains the most reliable observations of 
boiling points under reduced pressures : ^ — 

* The recovery of glycerin from tlie residues of feriueiiled lit|uors falls outside the 
.scope of thi.s work. 

^ Nicloux, (yowjit. rend., 1903 (136), 764. Cp. Mouueyr.at, Bull. *SW;. Chm., 1904 
(31), 409. Cp. Levites, JIoj)2n-SeyUr’!f Zeils. f. physial. Chevi., 1908 (.'>7), 47. Reach, 
Biochem. Zeita., 1908 (xiv, ), 279. 

* Cp. also A. Catilion, JJe la (Jlycerine. Paris, 1903. C. Naiid. 

^ Cp. W. Spring, Journ. Qiein. Hoc. Ab.str. i. 119. 

® Cp. Taniniauri, Zells, f. anytw. (Jhem., 1905, 15. 

” Zeits. f. anal. Chetn., 1911 (61), 81. 

’ Clausnitzer, Zells, f. analyt. (Jhem. 20, 65. 

® Nes.sler and Barth, Berichte, 1884, 17, Ref. 543. 

^ Cp. also Richardson, Juurn. Chem. Soc., 1886, 746. 
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Prfissnro. 

Boiling Point. 

mni. 

“ C. 

385-3;{ 

. 260-4 

347 10 

. 257-3 

231-87 . ■ . 

. 2.50-3 

201-23 

. 241-8 

100-81 

. 220-3 

50-00 

. 210-0 

4.5-61 

. 201-3 

30-00 

. 191-8 

20-46 

. 183-3 

20 . . . 

. 182 ^ 

15 

. 176 1 

12-50 . 

. 179-5 

10-00 . 

. 167-2 

6-53 

. 161-3 

5-00 . 

. 155-5 

0-24 . 

. 118-52 

0-056 . 

. 115-110 3 

Glycerol is miscible with water in all proportions. On mixing water 

with glycerol a contraction of volume 

and an increase of temperature 

takes place. The greatest increase 

of tempcrature~viz. 5*^ C. — is 

observed when 58 parts of glycerol (by 

weight) are mixed with 42 parts 


of water ; the greatest coritraetion equals l-l per cent (Gerlach). 

The vapour pressure of a dilute solution of glycerol rises with the 
rise of temperature of the boiling solution, so that considerable amounts 
of glycerol volatilise with the water vapour. Theoretically, a mixture 
of saturated water and glycerol vapours, under the ordinary atmospheric 
pressure, cannot contain more than 0*2 to 0-3 per cent of glycerol, pro- 
vided that the two vapours arc not miscible. Since, however, glycerol 
and water are miscible in every proportion, the composition of the escap- 
ing vapours (ainnot be calculated according to Dalton’s well-known law, 
but must be derived from actual observations. Gerlach determined, 
with the aid of a vaporimeter, in which the pressure of the vapour was 
measured by a column of jnercury, the vapour pressures given in the 
following table : — 

' anal. Chm., 1911 (51). 81. 

E. Eisclu-r and 0. ll.'irries, Jkri( fiK\ 1902, 2158, give 148” C as tlie boiling point 
under 0’2 niiii, pressure (teinjierature of the bath 180” C.). 

3 E. JOrdinann, Jkrichte, 1908, 8-4()l. 


[Table 
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Vapour Tensions of Glycerol and of its Aqueous Solutions (Gerlach^) 




noiliiiK Point 

Vapour 

Glycerol. 

Water. 

at 700 mm. 

Pressure at 



Pressurt'. 

100' C. 

I’er cont.. 

Per cent. 

"G. 


100 

0 

290 

64 

99 

1 

. 239 

87 

98 

2 

208 

107 

97 

3 

188 

126 

96 

4 

175 

144 

95 

5 

164 

162 

94 

6 

156 

180 

93 

7 

150 

198 

92 

8 

145 

215 

91 

9 

141 

231 

90 

10 

138 

247 

89 

11 

135 

263 

88 

12 

132-5 

279 

87 

13 

130-5 

295 

86 

14 

129 

311 

85 

15 

127-5 

326 

*84 

16 

126 

310 

83 

17 

124-5 

355 

82 

18 

123 

370 

81 

19 

122 

384 

80 

20 

121 

396 

79 

21 

120 

408 

78 

22 

119 

419 

77 

23 

118-2 

430 

76 

24 

117-4 

440 

75 

25 

116-7 

450 

74 

26 

116 

460 

73 

27 

115-4 

470 

72 

28 

114-8 

480 

71 

29 

114-2 

489 

70 

30 

11.3-6 

496 

65 

35 

111-3 

553 

60 

40 

109 

565 

55 

45 

107-5 

593 

50 

50 

106 

618 

45 

55 

105 

639 

40 

60 

104 

657 

35 

65 

103-4 

675 

30 

70 

102-8 

690 

25 

75 

102-3 

704 

20 

80 

101-8 

717 

10 

90 

100-9 

740 

0 

100 

100 

760 


From the foregoing numbers an approximate estimate can be 
derived as to the losses that may be incurred on evaporating dilute 
solutions of glycerol. 

Experiments showed that up to a concentration of about 50 per cent, 
no glycerol escapes with the water vapours, even if the dilute solutions 
be kept boiling for some prolonged time. At a concentration of about 70 
per cent, traces of glycerol escape from the boiling solution (cp. Ilehner^). 

^ Til is table is reproduced as part of a table given in tlie 2nd edition of tliis work, 
1898, p. 800. 2 Analyst, 1887, 65. ' 
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The boiling point of such a solution is 113*6° (see table). Above this 
concentration, notable amounts of glycerol escape, so that the quanti- 
tative determination of glycerol in an aqueous solution by evaporating 
it down on the water-bath leads to faulty results. Even if the con- 
centration of glycerol solutions be carried out in vacuo, considerable 
proportions of glycerol escape with the water vapours, when the con- 
centration of the solution exceeds 80 per cent {Lewkowitsch). 

Tables giving the specific gravities of dilute solutions will be found 
in Vol. III. Chapter XV. under “ Glycerin Manufacture,” 

For the coefficients of expansion of glycerol cp. Vol. III. “ Glycerin 
Manufacture.” 

On electrolysing glycerol on platinum anodes Renard^ and M‘Coy ^ 
found that glycerol is decomposed into carbonmonoxide, carbondioxide, 
acetic acid, glyceraldehydc (glycerose) and an acid, probably glyceric 
acid. W. Loeh,^on electrolysing glycerol in a .5 per cent sulphuric acid 
solution on lead anodes found that formaldehyde is formed in consider- 
able quantity. There was also formed a syrupy mass free from glycol- 
aldehyde, glyceraldehydc, dioxyacctone, and hexose, but containing a 
pentose, very probably i-arabinose, and, as insoluble acids, tartronic 
and trioxyglutaric acids. The only volatile acid found was formic 
acid, most probably originating from formaldeh} de. 

By the action of ultra-violet rays on neutral glycerol at 25° C. in 
the presence of air, glyceraldehydc (glycerose) is formed. If the glyceiin 
be rendered alkaline, j8-acrose is obtained.^ 

The ordinary products of fermentation of glycerol are : — butyric, 
lactic, and succinic acids, glycerose, and dioxyacctone, none of which 
yield acrolein. E. Voisenet,^ however, has found a facultative aerobic 
bacillus producing the “ bitterness ” of wine, which gives rise to the 
formation of aldehyde. (Cp, also footnote 3, p. 251.) 

Glycerol is miscible with alcohol in all proportions ; it dissolves 
easily in a mixture of alcohol and ether, but is sparingly soluble in 
ether alone, one part of glycerin, specific gravity 1*23, requiring about 
500 parts of ether. It is therefore impossible to extract glycerol from 
its aqueous solution by means of ether. Glycerol is soluble in acetone. 
(For the quantitative determination of glycerol by means of acetone 
see Chap. VL). Nine parts of glycerol are soluble in 100 parts of 
ethylacctate. Glycerol is insoluble in chloroform, petroleum ether, 
carbon bisulphide, and benzene ; it is also insoluble in oils and fats 
{Lewkowitsch). 

On heating glycerol slowly in a platinum dish to 150°-160° C., it 
evaporates without leaving a residue ; at 150° C. it will burn with 
a bluish, non-luminous flame without emitting odour.® If, however, 
glycerol is heated rapidly in a platinum dish, it burns with formation 

^ Compt. rend., 1876 (81), 188 ; 1878 (82), 562. 

^ Amer. Chem. Journ., 1893 (15), 656. 

^ Zeits. /. Elektrochem . , 1910^18), !• 

■* H, Bicrry, V, Henri, and A. Rnnc, Compt. rend., 1911 (162), 535 ; 1912 (154), 
1261. 

^ Compt. rend., im (m), 

® On thui property rests the con.struction of Scheriug's “glycerin lamp.” 
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of acrolein, and yields a residue consisting of polyglycerols (cp. Vol. III. 
“ Glycerin Manufacture ”). 

The penetrating smell of acrolein (which is also noticed when 
glycerides are burnt, e.g. when an oil lamp or a tallow candle has been 
blown out) serves as the most characteristic reaction for the detection 
of the smallest quantities of glycerol. For this purpose it is best to 
mix the substance under examination with dehydrating substances, such 
as hydrogen potassium sulphate ^ or phosphoric acid,^ when acrolein ^ 
is formed readily. The most delicate reagents for detecting acrolein 
in aqueous solutions are : — an ammoniacal solution of silver nitrate 
(reduction to metallic silver with production of a mirror) and 
reagent, a solution of rosaniline which has been decolourised by sulphur 
dioxide (restoration of the pink colour). The rosaniline test, however, 
is less delicate than the silver test. 

If the quantity of glycerol under examination be very small, some 
uncertainty may arise owing to the evolution of sulpliur dioxide, of 
vapours of sulphuric acid, and of cmpyreumatic substances. Hence 
it is best to isolate the acrolein in the following manner {GriUtlnti) : — 
The substance is mixed in a flask with twice its weight of finely })owdcred 
potassium bisulphate. (5enrferen .9 showed that aluminium sulphate has 
the same accelerating action.) The flask is closed by a perforated 
cork fitted with a suitably bent tube, and heated in a sand-bath. The 
escaping .gases are condensed in a test-tube immersed in a freezing 
mixture. In the presence of glycerol the condensate in the test-tube 
will smell distinctly of acrolein. On adding to the contents of the 
test-tube a few drops of a reagent, prepared by dissolving 3 grins, of 
silver nitrate in a mixture of 30 grms. of ammonia of the specific gravity 
0-923 and a solution of 30 grins, of caustic soda in 30 grms. of water, 
a silver mirror will be obtained if acrolein be jiresent. 

Tfiis reagent should not be kept in stock, as the author ^ found that 
a bottle containing this reagent kept in the dark for about one week was 
shattered completely by an explosion. It is very likely that reduction 
of the nitrate to the explosive silver amide or nitride had taken ])lace. 

In view of the extreme delicacy of the acrolein tests, colour reaction 
recommended by several authors, appear to be siqierfliious. The tests 
enumerated below are, therefore, only given for the sake of completeness. 

Ijetvin ® recommends to prepare a solution of piperidine in sodium 
nitro-prusside and add to the condensate containing acrolein. In a 
dilution of I : 100 a gentian-blue colouration is obtained, and in a 
dilution of 1 : 1000 a pure blue. The blue colouration is still noticeable 
in a dilution of 1 : 2000. 

The green colouration which a borax bead moistened with a dilute 

^ Rpflteiibaclier, Liebig's Amud., 1843 (47), 113. Colour reaction, C. Deniges, 
Covipt. rend., 1909 (148), 570. “ Journ. f. jmikl. Cfmm., 1909, 322. 

^ Acrolein, C 3 H 4 O, i.s a liquid of a mo.st penetrating odour. Its vapours affect the 
eyes, causing a copiou.s flow of tears. It is readily .soluble in water, boils at 42*4'' C., 
and i.s easily converted into a resinou.s nia.s.s on exposure to the air. With regard to the 
preparation of acrolein cp. G. Fr. Bergh, Jovrn.f. prakt. Chem., 1909 (79), 351 ; J. B. 
Senderens, CompL rend., 1910 (151), 530 ; A. Wold and B. Mylo, lierkhle, 1912, 2046. 

^ Zeits. f. analyl. Chem., 1899, 41. 

^ Lewkowitsch, Journ. >Soc. Chem. Ind., 1912, 311. 


« Ikrichte, 1899, 3388. 
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glycerol solution gives in the flame test, cannot be considered char- 
acteristic, as this is a general reaction of alcohols. If a glycerol solution 
be added to a cold solution of borax, made pink by addition of phenolph- 
thalein, the colouration disappears. On heating, the pink colour 
reappears, to disappear again on cooling. This reaction cannot be 
used for the detection of small amounts of glycerol, as considerable 
quantities of glycerol are reciuired to discharge the pink colour of a borax 
solution. The })roposal has been made to estimate boric acid by means 
of glycerol (and vice versa), but this method cannot be recommended.^ 
According to Grun and Bockisch,- no glyceryl borates, but complex salts 
of metaborates with glycerol (see below, “ Glycerinates ”) are formed. 

Glycerol has powerful solvent properties ; it combines in this 
respect the properties of water and alcohol ; many substances are 
more easily dissolved by it than by either water or alcohol. The 
following table of solubilities will serve to illustrate this 


100 parts of glyccml dissolve 
at 15“ 0. 


( 98 parts of crystal soda. 


60 „ 

,, borax. 

50-5 ,, 

„ i)otassium arsenate. 

50 „ 

. sodium arsenate. 

50 „ 

„ zinc chloride. 

48-8 „ 

■ „ I rnuio acid. 

40 „ 

,, alum. 

40 

„ zinc iodi<le. 

40 >, 

„ potassium iodide. 

35-2 „ 

„ zinc sulphate. 

32 

„ potassium cyanide. 

30 „ 

., copper sulj)hatc. 

25 „ 

„ ferrous sulphate. 

25 

„ potassium bromide. 

20 „ 

„ lead acetate. 

20 

„ ammonium carbonate. 

-{20 

„ arseniou-s acid. 

: 20 „ 

,, arsenic acid. 

120 

„ ammonium chloride. 

!i5 „ 

„ oxalic acid. 

1 H 

,, boric acid. 

10 „ 

„ barium chloride. 

10 „ 

,, copper acetate. 

10 „ 

„ benzoic acid. 

8 „ 

„ sodium bicarbonate. 

7-5 „ 

„ mercury bichloride. 

5 

„ calciuju sulphide. 

3-7 „ 

„ potas-siura chloride. 

3-5 „ 

,, potassium chlorate. 

1-9 „ 

„ iodine. 

about 1 

part of calcium sulphate. 

„ 01 

„ „ sulphur. 


I „ 0-25 „ „ phosphorus. 


^ Cp. A. Ueytliieii aiitl II. Henipel, Zeits. f. Unfers. </. iXahn/s-. v. Urnus.'tni., 1899, 
842 ; Gruiiliut, Zeits, f. analyt. Ch-em., 1899, 89 ; HuniU'shageu, Zeits. f. angnv. Chem,., 
1901, 73 ; N. Tananajew and D. Ztu-kerniann, Journ. linss. Phys, Chem. Si>c., 1909 
(41), 1469. Jkrichte, 1908, 3469. 
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An aqueous solution, of specific gravity M14, dissolves 0-957 per 
cent of calcium sulphate. Metallic soaps (which are insoluble in water) 
are to some extent dissolved : thus — 

/0-71 parts of iron olcato. 

100 parts of glycerol, sp. gr. 1*114, dissolve -| 0-94 „ „ magnesium olcato. 

1 1-18 „ ,, calcium oleate. 

On adding potassium permanganate to a solution of glycerol acidu- 
lated with sulphuric acid, decolouration takes place very slowly. 
Even on boiling, the glycerol is oxidised with difficulty. Lenz ^ showed 
that on boiling an acidulated solution of glycerol with an excess of a 
1 per cent solution of potassium permanganate, no more than 34 per 
cent of the theoretical amount required for complete oxidation is 
reduced. Only by a large excess of concentrated permanganate 
solution can glycerol be oxidised to carbonic acid. Campani and 
Bizzarri ^ state that on oxidising glycerol with potassium permanganate 
in alkaline solution, the following products are obtained : carbonic, 
formic, acetic, propionic, and oxalic acids, and small quantities of 
tartronic acid. If, however, the oxidation in alkaline solution be 
carried out according to the directions given by Benedikt and Zsigmondy 
(see “ Quantitative Estimation of Glycerol,” Chap. VL), glycerol is 
completely converted into oxalic and carbonic acids according to the 
following equation : — 

C3H803+2K,Mn208-K.,tV>4+K2C03+4Mn02-i-4H20. 

Complete oxidation to carbon dioxide and water also takes place when 
glycerol is oxidised with potassium bichromate and sulphuric acid. 
This is expressed by the following equation : — 

SCaHgOa + 7Cr207Kj+28S0,Hj- 7[Cr.^(S04 )y\ 804 X 2 ]-^ 9CO, |- 4 OH 2 O 
or in a simpler form thus — 

2 C 3 H 8 O 3 + 702-6002+81120. 

Dry potassium permanganate reacts violently with concentrated 
glycerol. If finely powdered potassium permanganate be heaped up to 
form a small truncated cone, and concentrated glycerin be poured into 
a hole made on the top, fumes escape ; after a very short time the 
glycerin commences to froth, and ignites spontaneously with violent 
evolution of gases.^ 

Hydrogen peroxide oxidi.ses glycerol to formic acid, glyceric and 
glycolic acids being formed as intermediate products. Thus tlie final 
product of oxidation of one molecule of glycerin consists of one molecule 
of carbondioxide, two molecules of water, and two molecules of formic 
acid.^ 

By gentle oxidation with nitric acid glycerol yields glyceric and 
oxalic acids together with formic, glycolic, glycoloxylic, and racemic 
acids. The glyceric acid so obtained is a racemic compound which 

^ Journ. Soc. Chem. Ind., 1885, 368. chim. itnl., 1884 (12), i. 

^ Dvorak, Chem. Zeit., 1902, 903 ; cp. also Namias, dud., 1906, 64. 

* J. Effront, Bull. Boc. Chim. de France, 1912 (11), 744. 
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TLetj^Usch^) enantiomorphous glyceric acids 

A strong aqueous solution of glycerol reduces Fehlinn’s solution 
only slightly. On boiling the solution for ten minnte.s, and allowin<r 
It to stand for twenty-four to forty-eight hours, a red. or a yellow pre“ 
cipitate IS obtained. If, however, the glycerol be' diluted with ten 
times its bulk of water no reduction occurs. 

A mixture of glycerol and silver nitrate solution heated at the 
temperature of boiling water, with a few drops of ammonia, gives a 
precipitate of metallic silver. If ammonia solution be added to glycerol 
in the cold, and heat be then applied, as a rule no reduction takes place 
on adding silver nitrate, simply because the glycerol has not been 
heated sufhciently ; the addition of caustic soda or potash, however, 
causes metallic silver to separate slowly. According to Bullnkeimer ^ 
1 part of metallic silver corresponds to 11-3 parts of glycerol. 

On heating glycerol with solid caustic soda, acrylic acid is formed 
{Redtenhacher), and finally formic and acetic acids {Dumas and ^tas), as 
also “ fermentation ” 3 i^etic acid. If an excess of caustic alkalis be 
used, formic and oxalic acids arc obtained. According to J. U. Nef, 
glycerol, heated with one molecule of sodium hydi’oxide, yields propylene 
glycol , and treated with sodium hydroxide and mercuric oxide it 
yields glyceric acid On heating with small (|iiantities of caustic potash 
— 0*5 per cent— glycerol is condensed to polyglycerols {Claessen% 


Metallic Glyceroxides — Glycerates 

Glycerol dissolves caustic alkalis, alkaline earths (Chevreul), and 
lead oxide to form chemical compounds. Lime, strontia, and baryta 
are precipitated nearly completely from such solutions by carbon 
dioxide, a small quantity only of the earths escaping precipitation. 
In presence of caustic alkalis, glycerol also dissolves ferric oxide, ^ 
cupric oxide, and bismuth oxide, no doubt owing to the formation of 
soluble compounds {metallic glyceroxides) such as are represented by 
monosodium-cupro-glycero.xide (see below). The above oxides are 
not reduced to metal, or at most only to the lower oxides. However, 
the following oxides : silver o.xide (cp. above), gold oxide, mercury 
oxide, rhodium oxide, palladium oxide, and platinum oxide (AggO, 

ncrichtt, 1883, 2720. 

" ForschungsberiiMe iiber LfbcusmitM, etc., 4, pp. 12, 31. 

^ On allowing glycerol to fennent by nican.s of liiicilius butglicus in presence of 
calcium enrUonate and nutritive salt.s K. Buchner and Mei.senheimer {Ikric/ife, 1908, 
1410) obtained normal butylic alcohol, ethyl alcohol, and (as by-products) normal butyric 
acid, acetic acid, formic acid, lactic acid, carbon dioxide, and hydrogen. With regard to 
the formation of glycerol by fermentat ion cp. W. Seifert and R. Keiscli, ZentrulbL f. 
Baktcriologk, 1904 (ii), 12, ^74. Reisch, ZentralhL /. BaHcr., 1907 (ii), 18, 396 (cp. 
also above, p. 247). 

■* German iiatont 198,768. 

® Cp. V\\h,Journ.f. Chan., 1877 (15), 83; Deniges, Ann. chim. analyt., 

1898, 229. With regard to colloidal compounds of ferric hydrate, glycerol, and caustic 
potash, cp. Griniuux, Bull. Soc. Chim. 42, 207 ; Cmnpt. rend., 1884 (98), 1434 ; 
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AiigOg, HgO, EhOg, PdO, PtOg), are reduced to metals when heated 
with alkaline glycerol solution {Bulhiheimer 

Freshly precipitated cero-hydroxide is very easily soluble in glycerol ; 
this solution is readily dissociated by addition of water. The solution 
becomes turbid very gradually, and finally the hydroxide is precipitated 
in a gelatinous form (/I. Midler^). Turbidity of the perfectly clear 
solution sets in the more rapidly, the more dilute the original solution 
was. 

The following glyceroxidcs have been prepared in a pure state : — 

Moi}osodium glyccroxide, NaCgH^Og, obtained by mixing a solution 
of metallic sodium in absolute alcohol {i.e. sodium ethoxide) with 
glycerol. A precipitate is formed consisting of extremely deliquescent, 
rhombic crystals having the formula NaCaH^Og + Cg^gO. On heating 
to 10(P C., the molecule of alcohol escapes, leaving behind the mono- 
sodium glyceroxide as a white, highly hygroscopic powder, which is 
converted by water into glycerol and caustic soda. If, in the prepara- 
tion of monosodium glyceroxide, sodium methoxide be used, the 
crystalline compound has the composition: NaOgH^Og-i-CR^O. 
According to J. U. Nef, sodium glyceroxide is an a-derivative, 
CH 2 (()H).CH(OII).CIIg.bNa. 

The product obtained by the action of metallic sodium on glycerin 
has led to the commercial pre|)aration of a solid substance— “ gazeline 
pralinee ” — for the production of hydrogen for military purposes. A 
portable gas-|)roducer based on this principle was it)troduced in 1879, 
but notwithstanding many injprovements by Benard, the process was 
abandoned. In view of the modern processes for producing hydrogen 
this method is only of historical interest. 

Dimlium glyceroxide, NugCgHgOg, is prepared })y triturating the 
crystals of monosodium glyceroxide, under ab.solute alcohol, with one 
molecule of sodium ethoxide, and boiling the mixture for several hours. 

With regard to the tri.sodium compound cp. Chap. IT. p. 103. 

The pota.s.sium derivatives closely simulate the sodium comf)Ounds. 

Calcium glyceroxide, CaCgllgOg, is a crystalline powder obtained 
by heating M parts of calcium oxide with 23 parts of anhydrous glycerol 
to KXF C., and cooling the mixture as .soon as a violent reaction sets in. 
Water dccompo.ses it into calcium oxide and glycerol {Desfroii. ^). 

Barium glyceroxide, llaCgHgOg, is a delique.scent powder. It is 
prepared by warming 67’1 parts of anhydrous glycerol with 100 parts 
of baryta to 70'’ C. Hot water decomposes it raf)idly into glycerol 
and baryta ; cold water acts but slowly on it {Destrem ^). 

^ lurrschvwjsbcr. iihrr LehetmnU td , etc. 4, pp. 12, 31 ; cp. .also A. Muller, Xcits. f, 
anor<j. Ghcm., 1905 (43), 321. 

Zeits. f. ammjiin. Choiiic, 1905 (43), 310. Uiltz {Nachrichtrn d. d, 

Wisnensch., G0lliv;ien, 1906, Heft 2, p. 1) showed hy observing this })lieiiomenon under 
the ultra-microscope, that the separation of the hydroxide take.s jilace in a contiminuH 
manner ; at first very few single particles are noticeable ; they then incre.ase sotnewlmt 
rapidly, and finally a colloiilal precipitate is formed (cp. Vol. III. Ch.ap XV. “Hoai* 
Manufacture”). 

^ Ann. de Chbn. el de lUiys. [5], 27, 20; cp. also Griin and Ilusmaiin, Jierichte, 
1910, 1291, and J. Husmann, Inmuf. Dissert., Zurich, 1909, who consider these com - 
jjounds a.s glycerinatcs and therefore ascribe to tliem formula; exemplified by 
C3H,(OH)3Ba(OH)2. 
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Monoplumho-glyceroxide, PbCgHgOa, is prepared by adding 600 
grms. of lead liydroxide (obtained by pouring a warm solution of lead 
nitrate into a largo excess of warm ammonia and drying the precipitate 
on the water-bath) to 1000 grms. of boiling glycerin (85 per cent) with 
constant stirring. The mass is then cooled to 0° C., and 2500 c.c. of 
alcohol are added at 0 C.^ The monoplumbo-glyceroxidc thus pre})ared 
contains nitric acid, and has probably the composition 2Pf).C3Hg03, 
Pb(N03)2 + (OH)Pb(N03). A product free from nitric acid is obtained 
by Mormvski’s ^ method as follows Dissolve 22 grms. of lead acetate 
in 250 c.c. of water, add 20 grms. of glycerin, heat, and pour into 
the boiling solution a concentrated solution of 15 grms. of potassium 
hydrate. A slight precipitate is filtered off, and the filtrate is allowed 
to crystallise ; in the course of a couple of days a large quantity of fine 
white needles, monoplumbo-glyceroxide, separate out. 

If basic lead acetate be used instead of sugar of lead, basic pliinibo- 
glyceroxides, of the composition Pb3(C3H503)2 and 4PbC3Hg03.Pb0, 
arc obtained. 

Disodium-mangamhijlyceroxid Na2(C3ll503)2]\Tn, is prepared by 
boiling anhydrous glycerol with a mixture of i-1 parts of caustic soda 
solution, specific gravity 1*38, and 4 parts of freshly ])recipitatcd 
hydrated manganese peroxide. 

Monosodiim-cppro-ylyceroxide^ is prepared by heating 5 grms. of 
cupric hydrate, Cu( 011)2, 15 c.c. of water, 2-5-3 grms. of glycerol, and 3 
grms. of solid caustic soda in a flask until the caustic soda is dissolved, 
then adding 50 c.c. of 96 per cent alcohol, filtering off, and again adding 
alcohol until a distinct turbidity is noticed. Fine blue needles, having 
the composition ( NaC 11(3 H503)2-fC2H30H-i- 911 gO, separate after six 
to ten hours’ standing. On drying the crystals in vacuo at 100*^ C., 
the alcohol and 3 molecules of water are given off, leaving behind 
(NaCuC3H503)2 -t GHgO. If copper nitrate be employed, hexagonal 
plates of the composition (NaCuC3ll503)2-l-3Il20 are obtained ; these 
crystals are only formed in presence of a certain (piantity of sodium 
nitrate.^ 

Monolithium-cupro-glyoeroxide,^ LiCuCgll^Og + GllgO, forms blue 
hexagonal plates. 


M etaJ lie Glyceri nates 

The great solubility in glycerol of zinc sulphate, also of nickel, 
cobalt, and copper sulphates, is explained by the fact that these salts 
combine with 3 molecules of glycerol to form complex compounds of 
the general formula (M . 30311803)804. H2O. For these compounds 
Grun and Bochisch ^ propose the name glycerinates, to distinguish them 

^ Fischer aiul Tafel, Jkrichte, 1888, 2635. 

Journ. /. prakt. Cinm. [2], 22, 406. 

^ Bulluhcinicr, lierichte, 1898, 1453 ; 1899, 2347 ; Bulliihcimer and Seitz, ihid.y 
1900, 817. 

^ For tlie oxygon-absorbing properties of tlie potassiniu-cupro-coinpound (which lias, 
however, not been isolated) and the oxidation products formed, cp. W. Traube, Bei-ichte, 
1910, 764. 

® lierichte, 1908, 3465 ; cp. also Griin and Boedecker, ibid., 1910, 1065. 
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from the metallic glycerides {glyceroxides) described above. The 
glycerinates are precipitated from their aqueous solutions by alcohol 
as amorphous substances. The following glycerinates have been 
isolated in well-crystallised forms : ^ [Ca.3C3H5(OH)3]Cl2 ; Ca(N 03)2 + 
403115 ( 011 ) 3 . For the existence of a potassium cupriglycerate^ cp. 
S. U. Pickering.^ 


Esters of Glycerol 

The most important esters of glycerol arc those resulting from 
the combination of glycerol with fatty acids. 

It has been shown above (Chap. I.) that the natural oils and fats 
arc the tri-acid esters (triglycerides, simple or mixed) of the fatty acids 
enumerated in the first part of this chapter. The tri-acid esters which 
have been obtained hitherto in a pure state— from tri-formin upwards — 
have been described in Chapter I. The natural oils and fats which 
in the present state of our knowledge must bo regarded as a mixture 
of a number of simple and mixed triglycerides will be exhaustively 
described in the second volume of this work. 

It has also been pointed out that glycerol is able to form mono-acid 
and di-acid esters. These are usually described as monoglycerides 
and diglycerides, although these terms must be considered incorrect ; 
for the term inonoglyccride would more appropriately apply to a 
triglyceride containing one and the same acid radicle, and the term 
diglyceride to a triglyceride containing two different acid radicles. 
The mono- and di-glyceridcs hitherto synthetically ])repared have been 
described in Cliapter I. It has been stated already that mono- and 
di-glycerides do not occur in nature. 

Glycerol also forms esters with inorganic acids. In the following 
lines are described esters of carbonic, sulphuric, nitric, phosphoric., 
boric, and arsenious acids, some of which have acquinid great importance 
in the arts and in pharmacy. 

A mixed triglyceride containing two acid radicles of fatty acids and 
one of phosphoric acid occurs in nature ; it has been described above 
as keithin (p. 39). 

Carbonic Esters. — Glyceryl e.sters of carbonic acid are formed by 
heating glycerin with phenylcarbonate or with phosgene.^ 

The tri-ester, 


CHg.O-CH.O-CHg.O CHg.O-CH.O-CHg.O, 



CO CO CO 


is stated to be obtained by dissolving 10 parts of glycerin in 20 parts 


^ (Inin and Hu.sm.'U)n, Jierichte, 1910, 1291. Cp. J. IIu.sni.-inn, Inau/j, Dissert., 
Zurich, 1909 ; cp. aJ.so footnote 3, p, 2.^2. ^ Joiirn. Chevi. Hoc., 1912, 18, 'i. 

® Ohemisclie Fal>rik, Dr. R. Scheuhle and Dr. A. Iloch.stettcr, English patent 19,924, 
1911, German patent 252,758. 
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of pyridine and 80 parts of acetone, and passing 12 parts of phosgene 
through the solution. 

The ester is obtainable in commerce under the name “ Tricarbin ” 
“ Glycarbin,” and forms a white powder melting at 149 ° C., insoluble 
in water and alcohol. 


Sulphuric Esters. — Glycerol dissolves easily in concentrated ■ 
sulphuric acid to form esters ; theory would predict that all three 
■possible esters are formed. On boiling with steam they are readily 
dissociated into glycerol and sulphuric acid. 

Glycerolmonosulphuric acid, CH2(0.S03H).CH(0H).CH2(0H), was 
obtained by Pelouze^ by dissolving 1 part of glycerol in 2 parts of 
sulphuric acid. This ester is said to be employed in the leather industry 
for “ swelling ” hides.^ The free acid is very unstable. The calcium 
salt, Ca[C3H5(0S03)(0H)(0Il) |2, crystallises in needles it is readily 
decomposed by boiling with lime water. The distearo ester CHg. 
(0.S03H)CH(0. 0^311350). CH2(0 .Cj 3H350) and its brucine salt have 
been prepared by (^iln and Corelli^ 

Glyceroldifiulphuric acid, C3H5(0II)(0.S03H)2, is formed on treating 
glyceroltrisulphuric acid (see below) with hot water {Claesson ^). The 
disulphuric acid is characterised by its barium-, and potassium salts.® 
Griin ^ stated that on treating glycerol with sulphuric acid the reaction 
does not proceed beyond the formation of glyceroldisulphuric acid, 
C3 Hq( 0H)(0S03H)2, even if a considerable excess of concentrated 
sulphuric acid be used. (This is in contradiction to the theoretical 
postulate.) B. W. van Eldik Thieme ® lias, however, been able to show 
that this statement is incorrect, for on dissolving 1 part of glycerol in 
4 parts of 98-3 per cent sulphuric acid lie obtained as cliief products : 
glyceroldisulphuric and glyceroltrisulphuric acids, whilst a small 
proportion of glycerol monosulphuric acid could also be identilied. 

Glyceroltrisulphuric acid, CH.>( 0 . SO3H) . CH( 0 . SO3H) . CH2( 0 . 
SO3H), prepared by the action of chlorosulphonic acid, S02(0H)C1, on 
glycerol at 0° C. {Claesson^), forms hygroscopic crystals. Claesson' s 
statement that the ester is readily hydrolysed by boiling with water, 
is controverted by van Eldik Thieme, who has shown that a solution of 
21-5 grms. of the ester dissolved in 600 c.c. of water required no less 
than eighteen hours’ boiling for complete hydrolysis. 


Phosphoric Esters, Glycerylphosphoric (Glycerophosphoric) 
Acids. — A mixed fatty acid-phosphoric glyceryl-ester has been described 
above as lecithin. The esters have recently acquired considerable 
commercial importance in pharmaceutical practice on account of their 


^ Liebig' s Annal. 19, 211. 

German patent 86,334 (Schraelzer and Aschiiuiun). 

3 Liebig's Anncd. 20, 48. •* 

^ Journ. f. prakt. Chem. [2], 20, 6. * v ■ v. lono 

« Qriiu and Schacht, Berichte, 1907, 1780. Custodis, Inaug, Dissert., Zurich, 1909. 

’ Berichte, 1905, 2284. 

» Proceed. K. Akad. v. HV/eiwc//. , Amsterdam, 1908, 85u. Journ. Chem., 

1912 (85), 296. T 
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being used (in the most varied forms) as nerve stimulants. Their 
relationship to lecithin has undoubtedly contributed to the preparations 
which have come somewhat into vogue.^ 

Glycerotnono phosphoric acid, CH 2 ( OH ) . CII( OH ) . CHg . OPO . ( OH Ig, 
first obtained by Pelouze,^ is prepared by heating 3 parts of a GO per cent 
solution of phosphoric acid with 3*6 parts of glycerol for 6 days at 105° C. 
[Fortes and Prunier ^). The free acid cannot be obtained by decomposing 
with a mineral acid its potassium or barium salts, as phosplioric acid is 
split off [Adrian and Trillat ^). The artificially prepared glycero- 
phosphoric acid is most likely a racemic compound, inasmuch as the 
glycerophosplioric acid obtained from lecithin was found to be optically 
active (see p. 38). 

On neutralising with standard alkali the acid behaves like a dibasic 
acid to phcnolphthalein, and like a monobasic acid to methylorange. 

The calcium salt, Ca[C 3 H 5 ( 0 H) 2 ( 0 P 03)]2 + 2H20, crystallises in 
scales ; it is soluble in 15 parts of cold water, nearly insoluble in boiling 
water and alcohol. Boiling with water does not decompose the salt ; 
hence the commercial product can be freed from glycerol and from 
phosphoric acid by boiling water.^ The barium salt is readily soluble 
in water ; the aqueous solution is readily decomposed on boiling. 

Glycerodiphosphoric acid, P0[0.C3H5(0H)2l20H, is obtained by 
prolonged heating of phosphoric acid with glycerol [Adrian and Trillat ^). 

On heating with water or alcohol phosphoric acid and glyccrol- 
monophosphoric acids are formed ; alkali carbonates effect this resolu- 
tion in the cold. 

Glycol and glycolhydrine esters of this acid have been prepared 
by Griln and Kade. 

Glycerol riphosphoric ester [Carre ®) is formed by lieating glycerol witli 
the equivalent amount of phosphoric acid in vacuo for 10 to 12 hours 
to 130° C. By adding 1 molecule of glycerol to this ester a loss stable 
di-cster (diglycerotri phosphoric acid) is formed [A. Contardi '^). This 
statement is, however, contested by CarreA 

The salts of glycerophosplioric acids — glycerophosphates® of 
sodium, lithium, calcium, strontium, iron, etc. — arc now largely used in 
pharmaceutical practice, especially in France. These not infrequently 
contain gross impurities. 

^ For au artificial “lecithin” cp. German patent 193,189 {Ulzcr ami Batik). 
For the velocity of hyilrolyaia of glycerophosplioric acids cp. F. Maleugroau and G. 
lYigent, Zeits. f. physiol. Chem., 1911 (73), 68. 

2 (Jompt. rend., 1898 (126), 21.5. Bull. Boc. Chim. [3], 13, 96. 

* The mixed salt of ammonia ami calcium glyceroqdiosphates is patented by Darrasse 

Freres and L. Dupont in French patent 447,776. ° Bull. Ch-m. [3j, 19, 2G9. 

* (Jompl. read., 1903 (137), 1070; 1904 (138), 47; cp. also Imbert ami Bclugou, 

Bull. Soc. Chim., 1900 (21), 935. ’ chim. Hal, 1912 (42), 270. 

® Compt. rend., 1912 (155), 1520. 

^ Cp. French patent 376,564, ronlenc Frere.s ; German patent 208,700; F. Carre, 
Bull. Soe. Chim. France, 1909, 109 ; 1912, 169 ; A. Wiilfing, German patent 217,653 ; 
Southall Bros, and Barclay, Ltd., and C. S. Roy, Engli.sh patents 2806 and 2882, 1912 ; 
Southall Bro.s. and Barclay, Ltd., and E. W. Mann, Engiiflh patent 2883, 1912; L. C. 
Ree.se, German patent 251,803 ; V. VaoWwi, (tazx. chim. ital, 1912(42), ,57 ; Chem. Fabrik 
auf Aktien, vorm., E. Schering, German patent 242,422, Englieh patent 19,319, 1911 ; 
Rogier and Fiore, Bullet, ik. Pharmacoloy., 1913, 7, 72. 



ESTERS OF GLYCEROL 


257 


Glycerophosphites were prepared by A. LumiSre, L. Lumik^, and 
F. Perrin} 

Boric JIster. — Glyceryl borate, (0311503)3, obtained by heating 
glycerol with boric anhydride [Schiff and Bechi^), forms a yellowish, 
very hygroscopic, glass-like mass. It is easily decomposed by water, 
but not by alcohol, even on boiling. 

Boro/om ” is termed a substance obtained by heating glycerol 
and borax, when in the first stage a glass-like, very viscous mass is 
formed to which the formula [(C3H5)4(H2B03)2(HNaB03)2(0H)502]2CH2 
is ascribed.® 

Nitric Esters. — Glyceryl inononilrate, CH2(0H)CH(0H)CH2.0. 
NO2, is obtained by mixing glycerol with a 25 per cent nitric acid 
{Hanriot ^). 

Will obtained the monoester as a by-product in the preparation 
of glycerol dinitrate. The mononitrate could be separated into two 
isomerides, one of which, crystallising at 58°-59° C., is described as 
a-monbnitrate, yielding on nitration both isomeric dinitrates (see below), 
a^ also trinitrate. For further information see the table given below. 

Glyceryl dinitrate, C3H5(0N02)2(0H), is obtained by running one 
part of glycerol drop by drop into 5 parts of a mixture consisting of 
3 parts of concentrated sulphuric acid and 1 part of nitric acid, 9 parts 
of water being present for every 100 parts of total acids. Simultane- 
ously, trinitroglycerin is formed (Will^). Mikolajczeh^ prepares the 
dinitrate by adding 33 parts of nitric acid, specific gravity 1*5, to 10 
parts of glycerin with continuous stirring and cooling. Will considers 
it preferable to add the glycerin to the nitric acid. Dinitroglyccrin dis- 
solves in all proportions in dilute sulphuric acid and nitric acid ; it also 
dissolves in ether, alcohol, chloroform, acetone, and a little less readily in 
' benzene than does trinitroglycerin. It isinsoluble in carbon tetrachloride 
and in petroleum spirit. In its anhydrous state it gelatinises nitro- 
cellulose very readily. Dinitroglycerin is more soluble in water than 
is trinitroglyceriu ; a saturated solution at 15° C. contains 8 per cent 
of dinitrate. Glyceryl dinitrate is as poisonous as the trinitrate. 

Glyceryl dinitrate is dissociated by a 70 per cent sulphuric acid to 
mononitrate and glycerol. Will showed that the dinitrate exists in 
two modifications, he having been able to resolve crude dinitroglycerol 
into a crystalline compound “ Dinitroglycerol /f,” and an oily compound 
“ Dinitroglycerol F.” (For further details see the table given below.) 

Glyceryl trinitrate, Nitroglycerin, €3115(0. N02)3, is prepared by 
allowing glycerol to run into a mixture of 1 part of strongest nitric 
acid and 2 parts (by weight) of concentrated sulphuric acid. It is a 
heavy oily liquid of specific gravity 1*600 which volatilises at 160° C. 

1 Compt. rend., 1901 (133), 643. 

* Zeits.f. Chem., 1866, 147, cp. also Coimcler, Journ. /. jn'akt. Chen., (2), 18, 380. 

^ Chem. Zmtralbl., 1911 (ii,), 99. 

■* Ann. de Okim. et de Phys., 1906 [5], 17, 118, 365 ; Compt rend., 1912 (164), 220. 

'‘German patent 181,385; cp. also Jierichte, 1908, 1107, and German patents 
58,957 (Wolil), 205,752 (C. Piitz) ; English patent 6314, 1906 (A. Nobel & Co.). 

® French patent 431,911. 

’ For the recovery of tlie di8.solved dinitroglycerin cp. German patent 210,558, 
Castroper Sicherheitssprengstoff-Akt. Ges., Dortmund. 
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under a pressure of 15 mm.^ Its most remarkable property is that 
of exploding violently under certain conditions. Nitroglycerin is 
manufactured on an extensive scale, and forms the main outlet for the 
bulk of the glycerin produced commercially (see VoL TIL Chap. XV.). 
It forms the chief ingredient of almost all modern “ high explosives ” 
and “ smokeless powders.” Thus “ dynamite ” is produced by mixing 
nitroglycerin with kieselguhr, whilst ” blasting gelatin ” is obtained by 
dissolving nitrocellulose in nitroglycerin. Nitroglycerin is also used in 
therapeutics, small doses being suflicient to dilate the blood-vessels.^ 
Nitroglycerin exists in two modifications : one is labile, melts at 
2-8°-2*9° C., and solidifies at 2-0°-2-2° C. ; the second occurs in a stable 
form, melting at 13'l°-13-2° C., and solidifying at 12-5“ C. {Kasl ^). 

Glyceryl trinitrate is hydrolysed by a 70 per cent sulphuric acid 
to glyceryl dinitrate and nitric acid.^ 

Having regard to the technical importance of the nitric esters, the 
following table, embodying Wills' results, will be found useful : — 



Mononitrate. 

Diiiitrate. 

Triiiitrale, 

Specific gravity (at 15" C.) . 

1-40 

1-47 

reo 

Melting point 

a-Tiitrate : 58" C. 
^•nitrate : 54* C. 

a-uitrate : 26 ' C. 
^•nitrate : liquid. 

Tjabilo mod. ; 2 •2" C.^ 
Stable mod. ; 12'2'’C. 

Boiling point (at 15 nun.**) . 

Both isomerides : 
155.160" C. 

Both isomeri<l(>s ; 
about 145" C. 

Driven olT at 160 C." 
without boiling. 

Solubility in water at 15" C. 

70 per cent. 

7’7 per cent. 

O'lC) per cent. ■ 

ITamtiier test (2 kgnns.) . 
Fall in cm. 

.. 

1 

Anhydrous: 7-10 cm. 
Crystalline : 30 cm. 

l.ess than 4 cm. 

Heat of explosion 


Anhydrous : 1250 cal. 

1600 cal. 

Temperature of combustion 

a-uitrate : 2812 cal. 

K-atiliydro\m : 

2088 cal. 

K-crystalline : 

1980 cal. 

F ; 2055 tail. 

1570 cal. 

Gelatinising propertle.s 


Good. 

Good. 

Absorittioii of moisture 

60 per cent. 

11 per cent. 

0‘2 per cent. 


^ Lobry de Bruyn, Rw. d. travaux chim. d. Pays-Has, 14, 133. 

2 Jonrn. Soc. Chim. Ind., 1910, 387. 

* Zeits. /. d. ges. Schiess.- u, Sprengsloffwesen, 1906 (i.). 

* For the decomposition of trinitroglyceriii by caustic akalis cp. Hay, MonUeur scicnt., 
1885 (27), 424 ; G. W. Macdonald, Arms and Explosives^ 1908 ; K. Bcrl and 
M. Delpy, Berichte, 1910, 142. For the velocity of decomposition by beat see 
R. Robertson, Jmi,rn. Cfiem. Roc., 1909, 1241. 

® By recrystallising nitroglycerin repeatedly, S. Nauckboff (Zeils. f. d. ges. Schiess,- 
u, Spr eng staff wese.n, 1911 (6), i24) obtained only one modification, melting and solidify- 
ing at 13'3° C., whilst the labile mollification could not be isolatiul. 

* Cp, also A. L. Hyde, Eighth Int. Congr.Appl. Chem., 1912, Sect. III. b. (4), 59. 
’ According to A. Marshall the vapour pressure is at 70" C. O'OSl mm. and at 

IS'’ C. -0 001 mm. (calculated), Jaurn. Chem. Soc., 1906 (89), 1371. 
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The mixed nitric esters, nitrodimethylester CH2(OCH3)CH . 
O.NO2.CH2.O.CH3, and nitrodiethylester CHg . OCgHg . CH . 0 . 
NOg . CHg . 0 . CgHg, have been prepared by Paterno and Be^ielli.^ 
Glyceryl arseuite, C3H5ASO3, formed by dissolving 1 molecule of 
arsenious oxide in 2 molecules of glycerol and heating to 250° C. 
(Jackson), is a butter-like substance, melting at 50° C. to a thick liquid. 
It decomposes above 250° C., but is volatile with the vapours of glycerol. 
It has not yet been ascertained whether, on distillation in a current 
of superheated steam, the arsenite is volatilised unchanged, or is 
hydrolysed by the steam ; at any rate, arsenious acid is found in the 
distillate.^ Glyceryl arsenite is used in calico-printing. 

In view of the importance the chlorohydrins and bromohydrins have 
acquired in the synthesis of mixed glycerides, and having regard to the 
considerable number of derivatives containing one or two fatty acid 
radicles, the preparation of the hydrins and their derivatives will be 
given here briefly. 


Chlorohydrins 

a-Monochlorohydrin, CH2Cl.CH(OH).CH2(OH), obtained by heating 
glycerol with hydrochloric acid to 100° C. (Berfhelot,^ Hanriot boils 
under 18 mm. pressure at 139° 0. ; d° = 1*338. It is miscible, in every 
proportion, with water, alcohol, and ether. 


Esters of a~Monochlorohydrin 

y - La uro- a- chlorohydrin, 03113(0! ) . (OH ) . (0 . C12H23O ) , obtained ® 
from a-chlorohydrin and lauryl chloride, is a yellow oil, crystallising at 
- 10° 0. from petroleum ether in fine needles. 

^-y-Dilauro-a-chlorohydrinf^ 03H3(Cl)(O.0i2H23O)2, is obtained by 
warming a-cliloro-glyceroldisulphuric acid with lauric acid to 70° 0. 
for 1\ hours. It crystallises from an alcohol-ether solution in micro- 
scopic needles, melting at 21° 0. 

y-Myristo-a-chlorohydrin, C3H5(01)(OH)(0.0|4H270),® obtained by 
heating myristyl chloride with an excess of 20-25 per cent of a-mono- 
chlorohydrin, is a yellowish mobile liquid, easily soluble in ether, 
petroleum ether, benzene, and somewhat sparingly soluble in cold 
alcohol. 

/S-y-Dimyristo-a-chlorohydrin,^ C3H5(C1)(0.C44H270)2, is obtained 

^ chini. UaL, 1909 (39), 312 ; cp. silso V. Vender, Gorman patent 209,943. 

^ Lewkowit.scli, Year-Book of rttanmey, 1890, 380. 

^ Liebig's Aiinal., 1853 (88), 311. 

•* Jourv. f.prakt. Vhem. 18, 207. 

6 Cp. also German patents 197,308, 197,309, 201,230, 229,536, 238,341, 254,709; 
English patent 26,036, 1911 ; Sprengstoffwerke, Dr. 11. Nalmsen & Co., French 
patent 437,315 ; United States patent 1,040,323 ; German patent 254,709. 

® Griin and Skopnik, Berichte, 1909, 3751. 

^ Griin and Theimer, Berichte, 1907, 1799. 

® A. Griin and B. Schreyer, Berichte, 1912, 3423. 

“ Griin and Theimer, Berichte, 1907, 1797; 
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either from a-chloro-glyceroldisulphuric acid, by the process described 
under a-chloro-distearin, or by warming a-j 8 -dimyristin with thionyl- 
chloride on the water-bath, and crystallising the product from petroleum 
ether. The crystals prepared by the former process melt at 27 °- 29 ° C., 
those obtained by the latter process at 29 ° C. Griin and Schreyer ^ 
found the melting point 36 ° C. 

y-Palmito-a-chlorohydrin, C3Hg . (C 1 )( 0 H)( 0 . CigHgiO).^ 
p-y-Dipalmito-a-chlorohydrin, C3Hg{Cl)(O.CigH3iO)2, melts at 48 °- 
50 ° C. {Griin Corelli*). 

y-Stearo-a'cklorohydrm, C3H5.(Cl).(0H)(0.Ci8H350), prepared from 
stearyl chloride and a-chlorohydrin, crystallises in white granular 
crystals (from a cooled mixture of ether and petroleum ether) melting 
at 48 °- 49 ° C. ; the solidified mass melts at 39 °- 40 ° C.*'’ 

^-Stearo-a-chlorohydrin,^ C 3 H 5 (C 1)(0 .Cj8H3gO)(OH) isfound amongst 
the products of hydrolysis, by means of concentrated (98 per cent) 
sulphuric acid, of j 3 -y-distearo-a-chlorohydrin. 

y-Myrislo- ^-slearo-a-chhyrohydriiiy C3H5(C1)( 0 . C28H350 )( 0 . C14H27O) 
{Griin and Schreyer'^), obtained from y-myristo-a-chlorohydrin and 
stearyl chloride, melts at 31 ° C. 

ySlearo- ^-myristo-a-chlorohydrin, €3115(01 ) ( 0 . C14H27O ) ( 0 . C18H35O ) 

melts at 26 ° C. 

^-y-Distearo-a’Chlorohydrin,^ C3H5(Cl)(0. 02811350)3, is prepared by 
heating a-chloro-glyceroldisulphuric acid, C3H5(01)(S03H)(S03H), 
with stearic acid previously dissolved in concentrated sulphuric acid, 
to 70 ° 0 . for 3 hours. It crystallises from ether in white granules, 
easily soluble in chloroform and ether, sparingly soluble in petroleum 
ether and alcohol. The crystals melt at 56 ° 0 ., and after solidification, 
at 4 1 ° 0 . The chlorine can only be replaced with difficulty by a hydroxyl 
group ; the most suitable method consists in treating the chloro- 
compound with silver nitrite when the nitrite ester of the asymmetric 
distearin is formed. This ester is readily converted into jS-distearin. 
On hydrolysing this chloro-distearin with concentrated sulphuric acid, 
products representing the several stages in the progress of hydrolysis 
could be isolated (see Chap. II. p. 76 ). 

^-Monochlorohydrin, CHgOH.CHCI.CHoOH, is formed in small 
quantity when preparing a-monochlorohydrin, and is separated there- 
from by fractionation in vacuo.^ 

Esters of ^-Monochlorohydrin 

a-Pahnito- p-chlorohydrin, C3H5( 0 . CjgHgjO ) . ( 01 ) . ( OH ) ( Reinhardt). 
a-Stearo- ^-chlorohydrin, CgH^{ 0 . CjgHggO ) ( 01 ) (OH ) {Reinhardt ) . 
a-y-/)^Ah>ro%<fnw, CH2Cl.CH.(OH).CH2Cl, obtained from glycerol 
and hydrochloric acid {BertheloP^), or from glycerol and sulphur chloride 

1 Berichte, 1912, 3422. Inaug. Dissert., Zurich, 1909. 

Berichte, 1905, 228. “* Jnaug. Dissert,, Ziirich, 1909. 

® Griin anti Skopnik, Berichte, 1909, 3751. ** Berichte, 1907, 1792. 

^ Berichte, 1912, 3425. “ Griin anti Theiiiier, Berichte, 1907, 1793 ; 1800. 

* Hanriot, .^ 47171 .. de Chim. et tie Phys. [5], 17, 73. 

Liebig's Annal, 92, 302. 
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{Carius} Claus ^), boils under ordinary pressure at 176°-177° C. ; 
d^® = l-396. By heating dichlorohydrin with inorganic sulphides 
Lilienfeld ^ obtained solid, caoutchouc-like bodies. 

Esters of a-y- Dichlorohydrin 

p-Aceto-a-y-dichlorohydrin, CHg . Cl . CH(0 . CgHgO) . CHg . Cl, obtained 
by Berthelot and Luca^ from glycerol and acetylchloride, boils under 
a pressure of 710 mm. at 202°-203° C. ; #^=1*283 {Truchot^). 

^-Lauro- a-y -dichlorohydrin^ CHg . Cl . CH . (0 . CjgH^O) . CHg • Cl 
{Griin^), is a yellow mobile oil, soluble in the usual organic solvents. 

p-Myristo-a-y-dichlorohydrin, CHgCl . CH . (0 . C14H27O ) . CHgCl {Gran 
and Schreyer ’), obtained from myristyl chloride and a-y-dichlorohydrin, 
forms transparent crystals melting at 20"^ C. 

a- ^-Dichlorohydrin, CHgCl . CHCl . CHgOH, obtained by passing 
chlorine gas into allyl alcohol (Tollens^), boils at 182° C. ; = 1-3681. 


Ester of a- p- Dichlorohydrin 

y-Lanro-a- ^-dichlorohydrin, C3H5 . Cl . Cl . (0 . C^gHggO ) , is prepared 
from a-laiiro-y-monochlorohydrin by digesting with thionylchloride 
{Griin and Skopnik ^). 

a-^-y-Trichlorohydrin, CHgCl.CHCl.CHgCl, is obtained ^by saturat- 
ing a mixture of 5 volumes of concentrated glycerin and 4 volunxes of 
glacial acetic acid with hydrochloric acid gas, distilling to 130° C., 
washing the residue (crude dichlorohydrin) with water and soda, 
drying over calcium chloride, and digesting with phosphorus penta- 
chloride {Fitlig and Pfeffer 


Bromohydrins 


a-Monohromohydrin, CH.2Br.CH(0H).CH20H, is obtained from 
glycerol and phosphorus tribromide {Berthelot and Luca). 

a-y-Dihronwhydrin, CH2Br.CH(OH).CH2Br, is obtained from 
glycerol and phosphorus tribromide {Berthelot and Luca), or from 
glycerin and bromine {Barth 

a-^-Dibromohydrin, CHgBr.CHBr.CHgOH, is obtained from allyl 
alcohol and bromine by allowing 60 grams of bromine to drop within 
three to four hours into a cooled solution of 20 grams of allyl alcohol 
in 100 grams of ethyl alcohol and 100 grams of carbonbisulphide. 

Tribromohydrin, CHgBr . CHBr . CHgBr, is obtained by digesting 
allyl alcohol with bromine {Tollens 


^ Liebig's Anncil. 122, 73. 

^ English patent 25,246, 1911. 

^ Ann, lie Chim. et de Phys. [3], 62, 459. 
8 Berichte, 1910, 1289., 

8 Liebiij's Annal. 156, 164. 

^8 Liebig's Annal. 135, 359. 

Ibid. 156, 168. 


8 Ibid.lQS, 43. 

8 Liebig's Aim. 138, 297. 

7 Beriehte, 1912, 3424. 

8 Berichte, 1909, 3761. 

11 Ibid. 124, 349. 
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Other esters of glycerol which appear to be acquiring commercial 
importance, especially for pharmaceutical purposes, are : Glyceromono- 
o-chlorophenylester, CH2.(0.CgH4Cl)CH.(0H) . CH2(0H) ; glyceromono- 
p-chlorophenylester ; ^ glycerylchloi'oxy-isohutyrate ; ^ glycerodimorphine 
ester ; ^ glyceromonocinnamin ; * glyceryllactate ; ^ glycerylsalicylic ester. ^ 
For compounds formed from glycerol and amino acids, E. Ahder- 
haVden and M. GugenheimJ 


Polyglycerols 

It has been stated above that on lieating glycerol rapidly, poly- 
glycerols are formed, no doubt, by the combination of several molecules 
of glycerol with loss of water. Polyglycerols are formed on a large 
scale on distilling glycerin, when the bulk of the polyglyccrols remains 
in the still (see Vol. III. Chap. XV. ‘‘ Glycerin Manufacture ”). 

LouretK^o ® ejected the condensation of glycerol to })ulyglycerols 
by heating glycerol with monochlorohydrin. By fractionating in vacuo 
the product of reaction, diglycerol, C(.iIi405(==2C3Hy03 - H2O), boiling 
at 220°-230° C. under a pressure of 10 mm., and triglycerol, 09112007 
( = 30311^03 - 2H2O), boiling at 275'"-285° 0. under 10 mm. ])ressure, ai’e 
obtained. 

The amount of polyglycerols formed by heating glycerol to 290“- 
295“ C. for seven to eight hours was usually stated to vary from 25-45 
per cent of diglycerol and 4-6 per cent of triglycerol. Kecently Clacssen,^ 
by heating commercial glycerin for five to six hours to 290“-295“C. (under 
a reflux condenser, the water vapours being allowed to ])ass away), 
obtained 55-65 per cent of diglycei’ol which could be distilled off at a 
pressure of 8-10 mm. between 245“ and 250“ C. On adding, however, 
0'5 per cent of caustic alkali and heating to 275“-280“ C., there were 
formed, within thirty minutes, 70 to 80 per cent of diglycerol and 
higher polyglycerols {Claessen^^). (Cp. also Vol, III. '‘Glycerin 
Manufacture.”) 

Diglycerol, like glycerol itself, can be nitrated with a mixture of 
nitric and sulphuric acids, when tctranitrodiglycerol, ObHioN 40 j 3, is 
formed. The tctranitroglycerol remains viscous at very low tem- 
peratures ; it is claimed that by adding a small (quantity to the ordinary 
nitroglycerin the freezing point of the latter is reduced considerably 
(cp. Vol. HI. “ Dynamite Glycerin ”). 

Methods for the (juantitative determination of glycerol will be 
described in Chapter VI. With a view to determining the glycerol in 

^ Poulenc Fri-res and E. Fourneau, German jKvteut 219,32.'5 ; cp. also F. Elilotzky, 
MonaUh.f. Chmu, 1909 (30), 663. 

Poulenc Frt rea, French patent 430,820. 

* Poulenc Freres, French patent 430,819. ■* Callsen, U.S. A. patent 999,956. 

Kalle, Gerniaii patent 216,917. 

^ C. Sorger, English patent 3367, 1907, French ])atent 373,854. 

’ Zeih. f. physwl. (Jhem., 1910 (65), 53. 

” Ann. lie Chim. et de I'hys. (3), 67, 299. 

“ German patent 181,754. German patent 198,768. 
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a direct manner by isolating a derivative of glycerol which would 
permit its quantitative determination, Niemilowicz ^ studied the action 
of hydrobromic acid on a solution of glycerol in concentrated sulphuric 
acid. There are, however, two products formed i-tribrom opr op aldehyde 
and tribromopropionic acid. A direct method of determining glycerol 
in substance by extraction with acetone was worked out by Shukoff 
and Schefitakqff (see Chap. VI.). 

On heating glycerol with the theoretical amount of hydriodic acid 
allyliodide and propylene are formed. In the presence of an excess of 
hydriodic acid, isopropyliodide is obtained with smaller quantities of 
propylene, their quantities varying according to the conditions of the 
experiment. Zeisel and Fanto ^ published some experiments purporting 
to show that glycerol can be converted into isopropyliodide quantita- 
tively, if an excess of strong hydriodic acid, specific gravity 1-7 (or even 
1-9), be used. They endeavoured to base on this the quantitative 
determination of pure glycerol, by distilling the isopropyliodide formed 
into an alcoholic solution of silver nitrate. Lewkowitsch ® has shown 
that when applied to concentrated glycerol solutions, the method yields 
results far below the true ones. Several observers who applied this 
method to very dilute solutions attach importance to the method. 
Willddtltr and Madinaveilia^^ state that if hyd« iodic acid of 1-8 specific 
gravity be employed reliable results are obtained. How far the 
multiplication of unavoidable errors by the enormous factors of 300 to 
600 help to lead to favourable results has not been yet investigated 
(cp. Chap. VI. “ Glycerol ”). 

With regard to the manufacture and uses of glycerol see Vol. III. 
Chap. XV. “ Glycerin Manufacture.'’ 


VI.— Al(3oiiols of the Cyclic Series 
Sterols ^ 

The members of this group contain an alcoholic OH group, but 
differ chemically from the alcohols of the aliphatic scries most essentially 
(for the purposes of fat analysis) in that they are not converted into 
fatty acids having the same number of carbon atoms by heating with 
potash-lime or soda-lime {Lewkowitsch; see Chap. VIII.). 

The sterols seem to play an important, although not yet fully 
understood rOle in the internal economy of plants and animals. Chole- 
sterol in especial seems to exert an antitoxic function towards the 
haemolytic action of poisons, such as saponin. 


^ Journ. Chum. Soc. Abstr., 1890, 861. 

^ Zelt. /. d. kitidw. Vermchsio. in Oeslerr., 1902, 1. 

3 Analyst, 1908, 108. * Barichte, 1912, 2825. 

This name was proposed by Abderhaldeii, Lehrbuch d. 2 diysiol. Chem., 1909, 154. 
It Ikis been adopted here, as it appears to be a very suitable name. \ 
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General Rea^ion of the Sterols 

The sterols : — cholesterol, phytosterol (sitosterol), stigmasterol, 
. brassicasterol, and coprosterol can be detected qualitatively by means 
of an alcoholic digitonin solution. Thus on adding a few drops of a 
1 per cent alcoholic solution of digitonin,^ to a solution of 

O'OOl grin, of cholesterol in 1 c.c. of 95 per cent alcohol, almost immedi- 
ately a precipitate is obtained, which consists of a chemical individual 
formed liy the combination of one molecule of digitonin and one molecule 
of cholesterol — no separation of water taking place — thus : C 27 H 4 gO + 
(digitonin) = Cg2Hj4g029. The addition product is insoluble 
in watei‘, acetone, and ether, slightly soluble in cold 95 per cent, more 
readily soluble in boiling absolute alcohol, in methyl alcohol, glacial 
acetic acid, and especially pyridine. On boiling the compound with 
xylene, it is split into its components ; the sterol passes into the xylene, 
the digitonin remaining undissolved. This property of the sterols 
permits their ready separation from hydrocarbons and aliphatic 
alcohols. 

The esters of the sterols do not forrn compounds with digitonin ; 
it is therefore possible to differentiate qualitatively cholestcryl, etc. 
esters from cholesterol, etc., and to separate quantitatively the free 
alcohols from their e.stcrs.^ 

In the case of physiological preparations the digitonin method is 
stated to yield good results.® Jn the case of oils and fats, however, 
the complete separation of the sterols appears to depend on the nature 
of the uncrystal I isable substances accompanying the sterols ; if those 
substances are of resinous nature, the separation becomes difficult and 
requires repeated treatment, which can only lead to trustworthy results 
if sufficiently large amounts of “ unsaponifiable matter ’’ is available 
{Lewkowitsch). 

The subdivision of the Sterols into Zoosterols and Phytosterols 
has been referred to above (p. 4). 


{a) Zoosterols 
(1) CrrOLESTEROL, 

Cholesterol, discovered by Cmiradi (1775) and by Gren (1788) in 
biliary calculi, occurs in considerable quantities in wool fat. It is 
frefjuently met with in the animal organism ; the biliary calculi are 
almost wholly composed of cholesterol. Its presence has been further 
proved in human bile,** in blood, in the brain, in hair, in the epidermis, 

^ For the preparation of digitonin see Th. Panzer, Chem. Zenlmlhl., 1912 (ii,), 540. 

Wiridaus, Berichte, 1909, 238 ; Zeits. f. physiol. (Jhem., 1910 (65), 110. 

^ C[). A. Lapworth, Jtnim. Path. Bact., 1911 (15), 254. 

A certain amount of cholesterol i.s discharged together with the bile into the 
intestines, and is there attacked by the bacteria occurring in the intestines, whereby 
amongst other products coprosterol (p. 279) is formed. 
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in milk, in various morbid products of the animal body, and in the yolk 
of eggs.i • 

All animal oils and fats contain small quantities of cholesterol, 
hence the presence of cholesterol in an oil or fat points to its animal origin. 
Its presence has been proved not only in the mammiferse and birds, 
but also in reptiles, fishes (see “ Fish, Liver, and Blubber Oils,” Vol. 11 . 
Chap. XIV.), molluscs, crustacese, insects (see “ Chrysalis Oil,” Vol. II. 
Chap. XV.), worms, and coolenterata. The echinodermata^ and sponges 
contain a body similar in type to cholesterol. The quantity of chole- 
sterol in animal oils and fats varies from 0-2 to about 1-0 per cent. 

The chemical formula of cholesterol was for a considerable time in 
dispute. Reinitzer ^ considered that three homologous cholesterols, 
^ 25 ^^ 42 ^* C26H44O, and C27II46O, exist. Cholesterol prepared from 
biliary calculi has the composition C27H4gO. Mautliner and Suida 
favoured the formula C27H44O, but Wimlaus, as also Diels and Ahder- 
halden, demonstrated that the formula C27H4gO is the correct one for 
cholesterol.^ According to the latest researches of Windaus,^ the 
following extended formula would so far explain best the constitution 
of cholesterol : — 

(CIl3).>CH . CIL> . CHo - C17H26 - CH = CHo 

/ 

CH2.Cn(OH).CH. 


0 . Doree and J. A. Gardner^ confirm Windaus^ conclusion, that 
one double bond in cholesterol is contained in a terminal vinyl group. 
From the fact that cholesterol absorbs two molecules of ozone it would 
follow that cholesterol contains two double bonds (see p. 145 ). 

Windaus and Steinf as also Manthner,^ arrive at the conclusion 
that cholesterol is a complicated terpene compound. This has been 
confirmed by Schrotter and Weitzenhock,^ who obtained from cholesterol 
rhizocholic acidf^ O8H6O7, the same acid which is furnished (although 
in very small quantities only) by camphor and by oil of turpentine. 

Cholesterol crystallises from chloroform in anhydrous needles 
(cp. Cliap. IX.), melting at 1484 °- 150 * 8 '^ C. corr. {Bonier). Polenske 
found for 284 cholesterols, isolated from 254 different specimens of 
lards, the following (corrected) melting points : — 

1 Cp. A. Windaus, Arch. d. Pharm., 1908, 117. C. Dorce and J. A. Gardner, 
Journ. Chem. Soo., 1908, 62.') ; L. Wacker, Zdts. /. phi/swL Chem., 1912 (80), 383. 

Cp. A. VVclsch, Inawj. Dissert, Offenbach a/M., 1909 ; Dort^e, Biochem. Joum., 
1909 (4), 72. 

■'* Journ, Soc. Chan, hid., 1888, 585. Cp. Jahrbuch d. Chan., 1896, vi. 360. 

* Menozzi, who .showed that milk- and egg-yolk cholesterol is identical with bile 
cholesterol, still retains the fonnula C 00 H 43 OH. H.>0 (cp. Bombicesterol). L. Tschugajeff 
and A. Gasteff furnished some further proof {lierkhte, 1909, 4634) for the composition - 
Ca^H^gO. ® Berichte, 1908, 2568 ; 1909, 3770. 

» Proc. Chan. Soc., 1908, 173 ; Trans. Chem. Soc., 1908, 1328. 

’ Inaxtg. Dissert, 1905, Freiburg i/B. ** MomUsh.J. Chan., 1907, 1113. 

« IbuL, 1908, 395. 

This i.s the' second instance of the occurrence of a derivative of terpene.s from 
products formed in the animal organism, the first being the occurrence of muscone in 
musk (Walbaum, Journ. f. prakt. Chem. 73, 488). 
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OHAl*. 


No. of Samples. 

2 . 




Melting Point. 
'C. 

. 145 

15 . 




. 140 146-5 

36 . 




. 146-5-147 

185 . 




. 147-148 

15 . 




. 148 

1 . 




. 148-5 


From its hot alcoholic ^ solution cholesterol crystallises in laminoc, which 
are discerned under the microscope as very thin plates, frecpicntly 
showing re-entering angles. These plates appear to be rhombic, but 
are most likely triclinic (Bomer). Illustrations of these crystals will 
be found in Chap. IX. The crystals contain one molecule of water, 
which evaporates on prolonged standing over sulphuric acid, and 
more quickly, at a temperature of IW C. 

Cholesterol is insoluble in water, ^ and very sparingly soluble in 
cold dilute alcohol. It dissolves in 9 parts of boiling alcohol of specific 
gravity 0-87, and in 5-55 parts of boiling alcohol of specific gravity 0-83. 
10 c.c. of absolute alcohol dissolve 0-1916 gr. {Polenskc). Ether, 
carbon bisulphide, and chloroform dissolve it easily, acetone and 
petroleum ether less readily. x\ccording to Bomer, ^ KX) c.c. of petroleum 
ether, of specific gravity 0-7522, boiling from 35"^ to 85° C., dissolve at 
19° C. 0-8320 grm., and at 23° C. 1-0380 grins. According to Polensice, 
10 c.c. of petroleum ether boiling below 50° C. dissolve 0-086 to 0-095 
grm. Cholesterol dissolves sparingly in cold glacial acetic acid, more 
easily in the hot, whilst it is slowly converted into cholcsteryl acetate. 

Cholesterol is Irevo-rotatory. Hesse gives [ajp*^ -31-12° [c^-^2 
for ether] [aji,- - (36-61° -f0-2'19c) [c-=8 for chloroform]. Menozzi 
found [a]}f= -34-3° (and -35-8°) in chloroform solution. For acetic 
ester solution Diels and Linn found [a]p*= -25-6°. 

On heating cholesterol for one hoiu- at 350° C., a product exhibiting 
strong dextro-rotation is obtained ; if the cholesterol be heated to 
300° C. only, no sensible decrease of the original lyevo-rotation is observed 
{En/jler '*). 

If cholesterol be heated carefully under ordinary pressure, it 
volatilises without undergoing decomposition ; in mcuo it can be 
readily distilled unchanged. Diels and Linn ^ observed that on heating 
cholesterol to 300°-320° C. strong evolution of hydrogen occurs. This 
reaction only takes place in the presence of a catalyst, such as a small 
quantity of iron (or zinc) which clings tenaciously to cholesterol pre- 
pared from the yolk of eggs. Perfectly pure cholesterol does not show 
this behaviour. On subjecting cholesterol to destructive distillation 
optically active substances (hydrocarbons?) are formed (cp. Vol. III. 
Chap. XV.). 

En/jler'^ observed that on repeatedly distilling cholesterol under 

^ For colloidal solutions of cholesterol see J. R. Partington, Jour a. Chem, ^Soc., 1911, 
316 ; 0. Forges ami Neubaiier, JiiocJiew. Zeits., 1908 (7), 152. 

^ Forges and Neubauer (liiockem. Zeils. 7, 152) were able to prepare a colloidal 
solution of eholesterol. ^ Zeits. f. Unters. d. Nahrys- u. (leutmxni., 1898, 37. 

■* ZrUs.f. amjew. Chem., 1908, 1594. 

® Bericlite, 1908, 260. 


Heint/., Lkhig's Annul. 76, 360. 
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pressure the dextro-rotation decreases, finally to disappear entirely. 
The same change takes place on heating cholesterol without subjecting 
it to distillation. A product obtained by distilling, three times succes- 
sively, 20 grams of cholesterol, and having a dextro-rotation of 112° in 
a 200 mm. tube of a saccharimeter, yielded on fractional distillation 
in vacuo 9 distillates having the following properties : — 


Fraction. 

Boiling Point under 

15 nun. pressure. 

Sacchaii motor “ dome.s " 
in a *20(J-nnii. tube. 

Appearance. 

1 

“C. 

100-193 

-1*2 

Thin liquid ; palo yellow 

2 

193-230 

+ 57*6 

Thin liquid ; pale yellow 

3 

230-245 

-f88*0 

Thicker ; yellow 

4 

245-250 

-f 104*0 

Thicker ; dark yellow 

5 

250-258 

+ 108*0 

Viscous ; pale brown 

6 

258-270 

+ 118*0 

Viscous ; pale brown 

Viscous ; brown 

7 

270-‘275 

+ 128*0 

8 

275-280 

+ 144*0 

Viscous ; brown 

9 

280-288 

+ 164*0 

Viscous ; dark brown 


It should be pointed out that the distillate exhibiting the highest 
dextro-rotation still contained about 2 per cent of oxygen, whereas 
pure cholesterol contains 4-2 per cent of oxygen. The chemical com- 
position of the distillates is unknown ; they certainly do not consist 
exclusively of hydrocarbons. According to Steinkopf} even those 
fractions which are obtained by fractional distillation of cholesterol 
under ordinary pressure and exhibit the strongest dextro-rotation, still 
contain undecomposed cholesterol, as ascertained by the digitonin 
reaction. 

On adding bromine to a solution of cholesterol in carbon bisulphide, 
cholesteryl dibromide, C 27 H 4 gO.Bi 2 , is formed {Wislicenus and Molden- 
hauer^). With HiihVs iodine solution an iodochloro-addition product 
is obtained {Leivkowitsch^). Theory requires the iodine value 65*8. 
IjeAokounlsch found for a specimen of gall cholesterol 67*3-68*09 ; chole- 
sterol may thus be estimated quantitatively ; ir(;‘6*’ iodine solution, on 
the contrary, yields erratic results (see Chap. IX.). If only half the 
theoretical quantity of bromine be added, crystals having the composi- 
tion C., 7 H 4 ( 5 ()Br .2 + and melting at 112° C. separate.^ The 
two atoms of bromine can be eliminated from the dibromide C 27 H 480 Br 2 
with regeneration of cholesterol by careful treatment with zinc dust 
or sodium amalgam. 

Cholesteryl dibromide is sparii\gly soluble in a mixture of ether and 
glacial acetic acid. A mixture of 50 c.c. of ether and 50 c.c. of glacial 
acetic acid at 20° C. dissolves 0*6 grm., and a mixture of 40 : 60 only 
0*25 grm. In the presence of a small amount of water the solubility 
is still further reduced. (Difference from sitosteryl dibromide.®) 
Menozzi gives the melting point of cholesterol dibromide as 111° C., 

^ Ohm. Ze.it., 1912, G53 ; cp. also W. Steinkopf aud E. BUiniuer, Jnurn.f. prakt. 
Chen., 1911 (84), 460. ® Liebigs Annal. 146, 175. 

* Joiini. ifoc. Chen. Ind., 1892, 43. •* Cloiiz, Cimpt. rend., 1897 (124), 864. 

® Windaus, Berichte, 1906, 518 ; Chem. ZeiL, 1906, 1011. 
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and Windaus} 124'^-! 25° C. The author is unable to confirm these 
statements, as a specimen of pure dibromide examined in a capillary 
tube blackened at 108°-109° C. Doree,^ on the other hand, gives as 
the melting point of the dibromide 123° C. [a]r,= -42-85° {Me7iozzi). 
The above-given data may perhaps be explained by assuming the 
existence of several isomeric dlbromides. 

Cholesteryl bromide, prepared by the action of phosphorus tri- 
bromide on cholesterol in benzene solution crystallises in nacreous 
platelets, m.p. 98° C. On melting this dibromide and allowing it to 
cool again, a particularly fine play of colour is obtained.' = 

- 19-14°. 

It reacts with bromine in acetic acid to form tribromocholostan, 
^ C 27 H 43 Br 3 , which crystallises in well-formed, short prisms, melting at 
111°-112° C. [a]^' = -49-82° (without mutarotation) {R. Kolm^). 

With phosphorous tri -iodide, cholesteryl iodide was obtained (R. 
Kohn ^). 

According to Boree and Gardner,^ cholesterol absorbs, on treatment 
with ozone in chloroform solution, 1 molecule of ozone, yielding the 
ozonide € 2711430 . 03 , having [a]'“J= -l- 14-51°. According to 
and Femroli, however, cholesterol assimilates two molecules of ozone 
(theory 24-85 per cent ; found 25-00 and 24-70 per cent). It would 
thus seem to follow that cholesterol contains two pairs of doubly-linked 
carbon atoms. Hence the statement by Windaus and Hauth, that the 
a-cholestanol (cyclocholesterol), obtained on treating cholesterol with 
metallic sodium (see below), is a saturated substance, may require 
qualification.^ 

Cholesterol dissolves in concentrated sulphuric acid ; ® on warming 
the mixture, it is converted into a hydrocarbon C 2 (}H 42 (?) — choles- 
terilene.^ (Difference from aliphatic alcohols.) As a further important 
difference from abphatic alcohols, it should be noted that on heating 
cholesterol with soda-lime {Lewkowitsch no fatty acids are formed. 
On heating cholesterol with normal alcoholic potash on the water-bath 
under a reflux condenser for three to four hours, 20-25 per cent of a 
hydrated cholesterol is said to be formed. This product is, however, 
not obtained if cholesterol be heated with normal or 1 | normal potash 
in a sealed tube at 112°-115° C.® 

By exposure to light and air cholesterol appears to undergo some 
change, the melting point becomes lower, the solubility is changed 
considerably, and the colour reactions (see below) are very indefinite 

* Arch. d. Pfuinn., 1908, 122. * •* Biochem. Juurn., 1909 (4), 77. 

^ Monatsh. f. Chen., 19i2 (33), 447. 

•* Journ. Chen. Soc., 1908, 1332 ; cp. Diels, lierichte, 1908, 259(5. 

® Cp. Berichte, 1908, 2785 ; cp. also Doree. 

® With regard to the l)ehaviour of cholesterol to concentrated sulphuric acid in the 
presence of metallic mercury, whereby rhizocholic acid is formed, see Schrdtter, Weitzen- 
bock, and Witt {Monatsh. /. Chen., 1908, 246) ; cp. oXso Berichte, 1908, 1561, and Zdts, 
/. angew. Chen., 1908, 2146. 

’ Zwenger, Annalen, 66, 6 ; 69, 347 ; Mauthner and Suida, Monatsh. f. Chein. 
17, 33 ; cp. also Cochenhausen, Dingl. Polyt. Journ., 1897 (303), 284. 

* Berichte, 1892, 66 ; Journ. Soc. Chem. Ind., 1896, 84. 

^ Darmstaedter and Lifschtitz, Berichte, 1898, 1126. 
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III 

(Schulze and Winterstein^). This is confirmed by the author’s experi- 
ence. Thus a sample of cholesterol from gallstones had lost its ready 
solubility in the course of twelve years, one part of cholesterol requiring 
for complete solution more than 100 parts of anhydrous ether ; further- 
more, an old specimen ^ of well-crystallised cholesterol had the melting 
point of 119° C. only. It is not certain whether cholesterol undergoes 
these changes owing to oxidation. For the oxidation products of 
cholesterol compare Windaus, Archiv der Pharm., 1908, 117. Lifschuiz’s 
statements with regard to the oxidation of cholesterol and its oxidation 
products ^ have been severely criticised by Windaus.* 

On heating cholesterol with anhydrous copper sulphate to 200° C., 
cholesterylether, (0271143)20 [more correctly (0271145)20], is obtained, 
cholesterilene being formed as a by-product (Mauthner and Suida^). 
This ether melts at about 195° 0. and crystallises from a mixture of 
benzene and absolute alcohol in the form of needles. (Difference 
from phytosterylether, Holde.^) 

Oholesterol does not readily assimilate two atoms of hydrogen on 
treatment with zinc dust and acetic acid or sodium amalgam. On 
boiling- it in amylalcoholic solution with sodium amalgam, a saturated 
alcohol, C27H4gO, a-cholestanol (cyclocholesterol, Diels and Ahderhalden ; 
Neuberg'^), differing from coprosterol (see below), is obtained. In 
Windaus' opinion, a-cholestanol is not a reduction product but a 
compound having the same composition as cholesterol itself, viz. 
C27H46O ; the formation of cholestanol must be ascribed to a molecular 
rearrangement, due to the conversion of the olefinic linkage into a 
cyclic one (cp., however, the ozone compound, above). The catalytic 
reduction of cholesterol by means of hydrogen in presence of platinum 
black (R. Willstdtter and E. W. Mayer ®) yielded a dihydro-cholesterol 
(j3-cholestanol). Wilenho and Mohjlewski^ obtained by treating 
cholesterol with sodium in amylalcohol solution dihydrocholesterol, 
an alcohol resembling coprosterol (described as I coprosterol ; crystal- 
lising in long needles, melting at 86°-87° C., [a]u= -14-3°) and an 
alcohol, termed y-cholesterol (C27H4QO, melting at 135°-137° C. ; some 
specimens were dextro-rotatory, others inactive. The acetate melts 
at 100°-102° C.). 

On treating cholesterol with phosphorus pentachloride it is con- 
verted into cholesterylchloride ; this is reduced by boiling with sodium 
(in amyl alcohol solution) to cholestene, C27H40, which is still optically 
active. 

Colour Reactions of Cholesterol (cp, Lewkowitsch, Journ. Soc. Chern. 
Ind., 1892, 144, and Windaus, Arch, der Pharm., 1908, 123). 

^ Iloppe-Sej/ler's Zeitn.f. physiol. Cluni.^ 1904 (53), 631 ; 1906 (48), 646. 

The author obtained this specimen from B. E. R. Newlands, who had prepared it 
from gallstones in 1869. 

* Hoppe- Seyler s Zcits.f. physiol. Chem., 1907 (60), 436 ; (63) 141 ; 1908 (58), 176. 

* Arch. d. Vlmnn., 1908, 149. 

'' Monaish./. Ohem. 17, 38 ; Holde, Zeifs.f. angew. Chern,, 1906, 1608. 

® Zeits. /. angeio. Chern., 1906, 1609. 

’ Berichte, 39, 1166 ; cp. also Pickanl and Yates, Joum. Chem. Soc., 1908, 1678. 

* BiUl. Acad. Science, Krakow, 1908, 837. 

» BeiiclUe, 1908, 2199. 
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The following two colour reactions were recommended by Schulze : — 

1. If a minute quantity of cholesterol be carefully heated to dryness 
with a drop of concentrated nitric acid on a crucible cover, a yellow 
stain is obtained ; on pouring a little ammonia on to it, a yellowish-red 
tint is produced. 

2. If a small amount of cholesterol be triturated on a crucible 
cover with one drop of a mixture, consisting of three measures of 
concentrated hydrochloric acid and one measure of a 10 per cent 
solution of ferric chloride, a violet-red colouration is produced, changing 
to blue on evaporation to dryness. It must, however, be remembered 
that oil of turpentine, camphor, and other substances behave in a 
similar manner. 

A very delicate and characteristic reaction, described by Hager, was 
modified by Salkowski, as follows : — A few centigrams of cholesterol 
are dissolved in 2 c.c. of chloroform, an equal volume of concentrated 
sulphuric acid is added, and the mixture shaken. The chloroform 
solution immediately becomes coloured blood-red, afterwards cherry-red 
and purple ; the last tint remains for several days. (The sulphuric 
acid layer under the chloroform show's sometimes a strong green fluor- 
escence.^) On pouring a few' drops of the purple chloroform layer into 
a porcelain basin, the red colour changes rapidly to blue, green, and 
finally to yellow. On diluting the purple solution with more chloro- 
form, it becomes nearly colourless or acquires an intense blue colour ; 
if it now be shaken again with the sulphuric acid, the former colouration 
reappears. These changes of colour are said to be due to traces of 
water in the chloroform.^ 

If a chloroform solution of cholesterol prepared from fats be shaken 
with concentrated sulphuric acid, the blue colouration is noticed at 
once ; this indicates the presence of so-called ‘‘ lipochromes,'’ which 
have been shown to occur in cod-liver oil, the fat of the yolk of eggs, 
palm oil, and in small quantities in cow butter. But even in these 
cases the red colouration soon appears. 

Salkowski later recommended the follow'ing modus operandi : — 
Dissolve a small quantity of cholesterol in chloroform, droj) the solution 
on filter paper, dry the latter and pour .some concentrated sulphuric 
acid on it. The chole.sterol drops become lemon-yellow ; on pouring 
off the sulphuric acid, the yellow colour changes to reddish or rose-red 
and disappears immediately on adding water.^ 

Liehermann's “ cholestol ” reaction is very characteristic, and is 
shown by the minutest quantities of chole-sterol. A solution of chole- 
sterol in acetic anhydride gives a violet-pink colouration ^ on adding 
drop by drop concentrated sulphuric acid. Sharper still is the modified 
form of this test as proposed by Burchard : Dissolve a little cholesterol 

^ III the case of wool fat chole.sterol this green fluorescence Is, in the author’.s opinion, 
due to the presence of isocholesterol. 

^ According to Herhig (Dingl. Polyt. Journ., 1897 (308), 191), cholcsteryl piilniitate 
and cholesteryl cerotate give the .same colour reaction. 

® Zdls. f. physiol. Ckem., 1908 (57), 515. 

* Wool fat cholesterol does not .show the violet-pink colouration given hy gallstone 
cholesterol, but becomes red at once. 
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in 2 c.c. of chloroform, add 20 drops of acetic anhydride and 1 drop 
of concentrated sulphuric acid. 

It should be noted that rosin acids (colophony), terpenes, and other 
substances give the same or very similar reactions.^ It is therefore 
not advisable to rely exclusively on colour reactions ^ for the purposes 
of identifying cholesterol. 

With regard to the detection and isolation of cholesterol from animal 
oils and fats, its quantitative determination, and separation from 
phytosterol, cp. Chap. VI., Chap. IX., and Chap. XI. 

Esters of Cholesterol 

Cholesteryl foDnate, C27H45O.CHO, crystallises in long, fine needles 
melting at i)6-8° C. (corr.) {Bomer). [a]\J- -52-5° (cholesterol from 
^08 5 -51-83'^ (from milk); [a]^,J= -51-48° (from bile) 

[Menozzi^). 

Cholesteryl acetate, C27II45O . C2H3O, is prepared by boiling cholesterol 
with one and a half times its (juantity of acetic anhydride in a flask 
connected with an inverted condenser. This reaction may also be used 
for the quantitative determination of cholesterol (Lewkowitsch*). 
Cholesteryl acetate crystallises in small needles, nearly insoluble in 
cold, and sparingly soluble in boiling alcohol ; they dissolve very 
readily in petroleum ether boiling below 50° C. The crystals melt at 
114° C. ; 114-3°-114-8° C. (corr.) (Bomer). On solidifying, the crystals 
display colours (see Jtkjer below), [a]^ = - 42-7° (from milk) ; - 42-5° 
(from bile) {Menozzi^). 

Cholesteryl jyropionate, C27H45O . C3H5O, crystallises in the form of 
very fine needles; it melts at 98° C. {Obermulkr), 96-8° C. (corr.) (Bomer). 

Cholesteryl (normal) butyrate, C27H43O.C4H7O, crystallises in the 
form of short, fine needles melting at 95°-96-8° C. (corr.) {Bomer), 

Cholesteryl isobutyrate, C27H43O . C4H7O, melts at 127° C. This 
ester furnishes the best-defined crystals amongst all cholesteryl esters, 
and does not form “ liquid crystals,” Hence it melts sharply ; m.p. 
127° C. {Jdger). 

Cholesteryl isomlerate, C27II45O . CyltjO, melts at 114° C. [a]']? = 
-32-7° {E. Abderhalden and K. Kautzsch^). 

Cholesteryl laurate, C27H45O . C12II23O, crystallises in slender needles, 
melting at 110° C., and after sintering at 78-5-79-5. [a]-;J= -24-2°. 

For cholesteryl palmitate, stearate, oleate, and cerotate see p. 66. 

^ Cp. Lfwkowitscli, Berichte, 1892, 66. 

2 For TschugajefT.s colour reactions with trichloro-acetic aciil, described by 
Lifschiitz {Berichte, 1908, 2.53), and Dtuiiges {Gheni. Revue, 1904, 231), the reader must 
be referred to the original papers, a.s these reactions are given by other substances as 
well as by cholesterol. The same strictures apply to the test proposed by Neuberg and 
Rauchwerger {Festschrift /. E. Balkov'ski, p. 2^) ; Zeit.s.f, physiol. Chem. (12), 35.5, and 
later on again by Udransky ; cp. also Ottolenghi (Atti R. Accad. dei Llncei, 1906, 15, 
i. 44, and Biocheiti. Zeiis., 1908 (xiv. ), 351. 

^ Atti R. Accad. dei Lincei, i903 (12), i. 126 ; ibid., 1908 (17), i. 91. 

* Berichte, 1892, 66 ; Jauvn. Soc, Chem, hid., 1896, 14. 

^ Zeits. /. physiol. Chem., 1910 (65), 69. 
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Cholesteryl benzoate, C 27 H 45 O . C 7 H 5 O, is formed by heating cholesterol 
with benzoic anhydride in a sealed tube to a temperature of 200° C. 
or by dissolving cholesterol in pyridine and adding a solution of benzoyl 
chloride in pyridine {Doree ^). It is nearly insoluble in boiling alcohol, 
100 c.c. of absolute alcohol hold at 20 ° C. 0*12 grm. in solution 
{Doree ^), and crystallises from ether in rectangular plates melting at 
150°-151°C. (Schulze), 145*5° C. (Obermuller), 148*4° C. (corr.) (Bihner), 
146° C. (Menozzi). [ap^=-15*l° (from milk), -15*4° (from bile). 
Monohromo-cholesterylbenzoate, C 27 H 440 .Br.C 7 H 50 , melts at 136° C.^ 
[a]\J=-15*l° (in chloroform; Menozzi, cp. Moreschi^). C. Doree 
and C. Slotesbury^ showed that on brominating the benzoate two 
substances are formed, viz. the monobromide (melting at 139° C.) 
and the dibromide (melting at 168° C.). 

Cholesteryl salicylate,^ C 27 H 450 .(CgH 4 C 00 ) 0 ri, melts at 173° 0. 

For other esters and the several liquid phases and the colour changes 
which all the cholesteryl esters exhibit, sec Jdger,^ Wallerant,'^ Leh- 
mann,^ Ada Prms,^ P. Gaubert,^^ C. P. WhiteP- 

The separation of cholesterol from cholesterylesters is of importance 
to the physiological chemist.^^ This can be effected to some extent by 
means of accto-ethylacetate, in which cholesterol is much less soluble 
than the cholesterylesters (Liebreich^^). The separation is, however, 
best effected by means of the digitonin reaction (see above). For the 
separation from natural oils and fats Windaus also suggested the 
employment of such ferments as would hydrolyse the glycerides, but 
leave the cholesterylesters unattacked. This method may be considered 
as superseded by the digitonin method. 

(2) IsOCHOLESTPmOL, ^’•27^ 46^ 

This alcohol is isomeric with cholesterol, and resembles it in many 
respects. It occurs together with it in wool fat (Hartmann, Schulze ; 
cp. also Vol. II. Chap. XIV.). Isocholesterol, isolated from its benzoate 
(Schulze ^®), crystallises from ether in fine needles melting at 137°-138° C. 
(140°-141° C. Moreschi ^'^). It dissolves sparingly in cold, rapidly in 

^ Biocheni. Zeits., 1909 (1), Tfn 

^ Oberniiiller, Zntn.f. phjHud. 1891 (15), 37. 

^ Atti R. Accad. dei Lined,, 1910 (19), ii. 53. 

^ Proc. Chem. Soc., 1912, 196. 

® Goloiletz, Che77i. Zeit., 1907, 1216. E. Artini, AUi R. Accad. dci Lmcd, 1910 (v.), 
19, i. 782. 

® Rccncil des trav. chh/i. des Pays-Bas, 1900, 334 ; Chem. Weekhlad, 1907, i. ; 
Koiiingl. Akad. van Wete7isch,, Amsterdam, 1907, 359, 472. 

Co7npt. rcTul., 1906 (143), 605. ® Zeits. f. tiagexv. Chem., 1900, 1641. 

* Zeits.f. phys. Chem., 1909 (67), 639. Co77ipt. rexid., 1909 (149), 608. 

Proc. Phys. .Soc., 1908 (vi.), 38. 

12 Cp. Unna and Golodetz, Biochem. Zeils. 1909 (24), 484 ; 1910 (25), 425, and E. 
Salkowski, Md., 1910 (25), 427. 

1*1 Cp. also E, Salkowski, Arfteiten a. d. phys. IvstiM. zu Berlin. 

1* Arch. d. Phari7i., 1908, 125. 

1® The author adopts the same formula which has been established for cholesterol 
{Berichte, 1898, 1200). i* Jowm. f. prakt. Chem. [2J, 7, 163. 

1^ Atti R. Accad, dei Lined, 1910 (19), ii. 53. 
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boiling alcohol, from which it separates, on cooling, in a jelly-like mass. 
It is readily soluble in ether and in petroleum ether. 

A phytosterol isolated by H. N. Cohen ^ from African rubber 
(obtained from a Euphorbia) and melting at 141° C. is in Cohen's ^ 
opinion identical with isocholesterol, for on mixing a preparation of 
Schulze's original isocholesteryl benzoate with the benzoate of the 
rubber-phytosterol, as also by mixing isocholesterol obtained from 
isocholesteryl benzoate with the phytosterol from the rubber, no 
lowering of the melting points was observed. Cohen draws from these 
observations the important conclusion that no fundamental difference 
exists between “ cholesterols ” of animal and vegetable origins. In the 
author’s opinion this conclusion does not appear to be sufficiently 
substantiated. 

On treatment with hydrogen it does not form, like cholesterol 
and bombiscesterol, a dihydro-derivative {Moreschi'^). According to 
• Darmstddter and Lifschutz * it absorbs bromine readily ; the compound 
so obtained melts readily and forms with alcoholic potash a yellow 
solution turning green on boiling, and becoming yellow again on cooling 
(Moreschi), 

Isocholestcrol is optically active ; in contradistinction to cholesterol 
it is dextro-rotatory. [a],)= +60° in ctheical solution {Schulze). 
[a]^,J== +59-1° in chloroform {Moreschi^). 

On exposure to light isocholcsterol, like cholesterol, undergoes a 
change. Thus a sajnple exposed for twenty years to the light melted 
at 112° C., after it had commenced to conglutinate at 95° C. A sample 
melting originally at 136°-137° C. had, after exposure to the light for 
a few months, the melting point of 119° C. 

Colour Reactions of Isocholesterol. — Isocholesterol gives the same 
colour reaction with nitric acid and ammonia as does cholesterol. 
On adding one drop of concentrated sulphuric acid to a solution of 
isocholesterol in acetic anhydride, a yellow, and afterwards a reddish- 
yellow colouration is observed ; at the same time a strongly marked 
green fluorescence makes its appearance. The green colour becomes 
more distinct in the Liebermann-Burchard “ cholestol ” test (see 
above). 

in a mixture of cholesterol and isocholesterol the colour reaction 
of the latter seems to prevail and to mask the violet-pink colouration 
due to cholesterol. 

Isocholesteryl formate, +46-47° {Moreschi). 

Isocholesteryl acetate, . CgHgO, has been obtained as an 

uncrystallisablo mass. 

Isocholesteryl stearate, see p. 66. 

Isocholesteryl benzoate, 02711^^0 . C^HgO, is a crystalline powder, 
consisting of very fine needles melting at 194°-195° C. {Schulze) ; 199° C. 
{Moreschi ^). It dissolves sparingly in alcohol, more easily in hot 
acetone and in ether. [a]^f (in chloroform) = + 73-33° {Moreschi ^). 

1 Arch. d. Vharm., 1908 (246), 622. 2 jqqs (246), 692. 

3 AUi It, Accad. dci Lined, 1910 (19), ii. 63. •* Berichte, 1898, 97 ; 1122. 

VOL. I T 
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(3) Bombicesterol (C 26H44O.H2O C27H4QO 

This alcohol is stated to occur in the imsaponifiable matter of 
chrysalis oil, together with ordinary cholesterol {Menozzi and Moreschi^). 
After repeated crystallisation from alcohol it melted at 148° C. and had 
the specific rotation, in chloroform, [a]o= -34-91°. Although the 
melting point, as also the optical rotation, is identical with that of 
cholesterol, and the composition is stated to be identical with that of 
bile cholesterol,^ Menozzi and Moreseki maintain, on the strength of the 
crystalline form and the melting point of its acetate, viz. 129° C., that 
this alcohol difiers from cholesterol. By treating the ethereal solution 
of the alcohol with one molecule of bromine (in glacial acid solution) a 
dibromo-derivative, melting at 111° C., is obtained (cp., however, p. 267). 

According to MoUnari and Fenaroli, bombicesterol absorbs 24-73 
per cent of ozone, theory requiring for two pairs of doubly-linked carbon 
atoms 24-84 per cent. On reducing bombicesterol with hydrogen, 
dihydroboinbicesterol is obtained. This alcohol is in chloroformic 
solution dextrorotatory, [a] 19-11° ; melting point 134° C. 
Bombicesterol can be separated from the concomitant cholesterol by 
means of the acetate, as also of the dibrornide. 

Formate^ melts at 101° C. = -47°. 

Acetate, melted in the impure state at 112°-114° C. After one 
crystallisation the melting point rose to above 120° C., and after repeated 
crystallisations to 129° C, (cp. Vol. II. Chap. XIV. “ Chrysalis Oil ”). 
[aJ'V;'’- -42-7°. 

Benzoate, crystallises in laminae, melting at 146° C. fa]^J ^ - 14-63°. 
(4) Clionasterol 

Clionasterol is an alcohol isolated from the tissue of sponges. It 
resembles both cholesterol and bombicesterol. 

(6) Phytosterols 

(1) Sitosterol, C 27H46O (C27H44O?) 

Sitosterol, the cholesterol of plants,” is widely disseminated in 
the vegetable kingdom and occurs in all seeds and fruits, and is therefore 
also found in wsoil ^ (as an ester). 

Until recently the chemistry of the several “ phytosterols ” isolated 
from different plants was only very incompletely known. At first 
the phytosterols were identified with cholesterol {Bcneke,* Lindenmayer,^ 
RittJiausen ®) until HesseA showed that the alcohol isolated from Calabar 

* It may l)e pointed out that Menozzi a.scribes the same (erroneous) com})osition, viz. 
CoflUjjO. HjO to bile (egg yolk) cholesterol, l^e p. 265, footnote 4. 

2 Atti R. Accad. dei Linrei, 1908, i. p. 95 ; 126 ; ibid., 1901, i. 127. 

3 0. Schreiner and E. C. Shorey, Jmini. of Bidog. diem., 1911 (ix.), 9. Another 
alcohol, difTering from phytosterol, also melting at 135“ C. an<l giving the “cholestol” 
reaction, ha.s also been 5)und in the soil by Schreiner and Shorey, Jonrn, Amer. Chem. 
Soc., 1908, 1295; 1909, 116. This alcohol is named by these authors “Agrosterol” 
and occurs in the free state, 

* Liebig's Annid. 122. 249 ; 127. 105. ® Joum. f. prakt. diem. 90, 328. 

^ Jhid., 1863, 544. ’ Liebig's A mwl. 192. 175. 
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beans differs from cholesterol. A number of alcohols having the same 
composition were described under various names, such as caulosterol,^ 
ergosterol,^ hydrocarotol,® amycol,^ agrosterol,® etc. Bomer obtained, 
from different oils, “ phytosterols ” differing in their melting points ; 
since small quantities, such as he obtained, are very difficult to purify, 
and hence necessarily differ in their melting points, it is very probable 
that some of these alcohols described by him as separate individuals 
(such as peas-alcohol, beans-alcohol, etc.) are identical with sitosterol. 
Indeed Windaus and Hauth ® are of the opinion that most of the “ phyto- 
sterols ” of the melting point 135° C. are identical with, or consist for 
the most part of, sitosterol. It should, however, be pointed out that 
Wagner and Clement showed that the unsaponifiable matter of cotton- 
seed oil (Vol. II. “Cottonseed Oil”) contains two “ phytosterols ” of the 
melting point 139° and 132°-133° C. respectively. The “ phytosterol ” 
obtained from Echino'phora spinosa, L.,® appears also to be identical 
with sitosterol."^ 

The most prominent characteristics of a number of these various 
alcohols have been recorded by Gerard,^ Burian,^ Ritter}^ Hauth}^ Klohb 
and Bloch, Welsch,^^ Cohen, Power and his collaborators, and KlobbM 

In the commercial preparation of vegetable oils and fats the latter 
dissolve small quantities of “ phytosterol ” forming a very characteristic 
concomitant of all vegetable oils and fats (difference from animal oils 
and fats). The proportion of “ phytosterol ” in vegetable oils and fats 
is somewhat larger than that of cholesterol in animal oils and fats. 

Sitosterol in many respects resembles cholesterol ; it differs, how- 
ever, from it in its crystalline form, melting point, magnitude of optical 
rotation, melting point of the esters (notably so of the acetate), and 
chemical constitution. The ” phytosterol,” isolated by Bonier from a 
number of commercial oils and fats, crystallises in solid needles, grouped 

^ Schulze and Ihirhieri, Joiirn. f. jrrakt. C/iem. 25, 160 ; Frankforter and Harding, 
Journ. Amcr. C/iern. hid., ISOO, 758. 

“ Tauret, (Jonqtl. remL, 1889 (108), 98 ; Ann. de (Jhiin. el de Phys., 1908 (8), 15, 
313 ; Gerard, Compt, rend., 1892 (114), 1544 ; Ottoleoghi, Chem. Centrabl., 1906 (i.), 
541 ; Zellner, Monatsh. /. Chetn. (26), 727 ; (29) 45, 1171. 

llydrocarotol nietitioned in the 4th edition of this work is a hydrocarbon (Willstiittor, 
Liebig's Annul. 355, 1). 

^ Welsch, Inaug. Irdisert., On'enbac’.i u/M., 1909. ® lierichte, 1906, 4379. 

Tarboiiriech and Hardy, BuU. d. Seicnc. Pharmacol., 1907, 387. 

^ A jdiytosterol, liaving the composition melting at 135°-136° C., 

was found by Power and Sal way, Pharnu Journ., 19U7 (79), 126, in the fat from limcea 
antidysenterica, Lam. 

« Compt. rend., 1892 (114), 1544. » Monatsh. /. Chem., 1897 (18), 561. 

Zeils. f. physiol. Chem. 34, 461. Inaug. Dissert., Freiburg i/B., 1907. 

Bloch, Bull. Scienc. Pharimcolog. 17, 160 ; (bmpt. rend., 1909 (149), 999. The 
following alcohols may be mentioned brielly : — Beta.sterol {Berichte, 1903, 975); Arni- 
sterol, m.p. 249“-250'' C. {Compt. rend., 1905 (140), 1700) ; Sojasterol {Bud. Soc. Chim., 
1907, 1. 422) ; cp. , however, Vol. 11, Chap. XIV. “Soya Bean Oil.” For “ phytosterols ” 
from Balata, African rubber, and for “hipeol” (which may be identical with “arni- 
sterol”), cp. N, H. Cohen (above, p. 273). For a- “ phytosterol ” C.20H34O, melting at 
134'’-136‘’ C., from nutmeg butter, cp. Power and Salway, Joum. Chem. Soc., 1907, 
2037. Faradhd is a dihydric alcohol C.^,)H5 q 0 .j. 
hmng. Dissert., Offenbach a/M., 1909. 

Bull, d, Scienc, Pharmacol., 1910 (xvii.), March, April, and May. 
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in tufts ; under the microscope there are discerned long, solid needles 
arranged in star- or bunch-like groups (cp. Illustrations in Chap. IX.). 
These crystals belong most likely to the nionoclinic system, and have 
the composition expressed by the formula C27H4gO + HgO ; they melt 
at 137°-138° C. (Bonier), 138"-143-8° C. (corr.), according to the purity 
of the preparation. A carefully purified specimen of sitosterol from 
cottonseed oil melted at 139° C. (Matthes and Heiniz ^). 

The alcohol first described as sitosterol was found by Burian ^ in 
the “ unsaponifiable matter ” of the oils from wheat and other germs 
of the graminefc. Hence, the “ cholesterol ” stated by Hoppe-Seyler 
and Hopkins to occur in maize oil is most likely sitosterol.^ It crystal- 
lises in white laminae of silky lustre, simulating the appearance of gall 
cholesterol. From dilute alcohol, sitosterol crystallises with one 
molecule of water ; hence the formula C27H4gO + HgO was assigned to 
it. From ether it crystallises in anhydrous needles. Sitosterol melts 
at 137‘5° C. {Burian), 130-5° C. (Ritter). It is easily soluble in ether, 
chloroform, benzene, carbon bisulphide, and hot alcohol, but sparingly 
soluble in cold alcohol. It is much le.ss soluble in cold petroleum 
ether than is cholesterol ; 150 c.c. of petroleum ether boiling below 
50° C. dissolve 0-039 to 0-014 grm. ; 10 c.c. of absolute alcohol dissolve 
0-173 grm. (Polenske). [a|i,= -26-71°.^ [a I*,?- -23-14° (Matthes 
and Heintz ^). 

Sitosterol carefully distilled in vacuo passes over um-hanged, and 
retains its hevo-rotation ; when distilled rapidly under ordinary 
pressure, strongly dextro-rotatory distillation products result. Engler 
obtained from phytosterol ” ® four fractions which in 10 per cent 
chloroform solution gave in a 2(X) mm. tube the following saccharimeter 
“ degrees ” : — ± 0 ; + 13-0 ; 16-0 ; -t- 12-0 re.s])ectively. 

In the Lieberniann-Burchard “ cholestol ” test, as also in the Sal- 
kowski reaction, sitosterol behaves like cholesterol. 

With metallic sodium in amyl-alcoholic solution sitosterol yields 
dihydrophijtosterol, C27H48^> melting at 175° C. (Hauth). This char- 
acteri.stic derivative of phytosterol may be used for purposes of identi- 
fication. Dihydrophytosterol was ol)tained from the phytosterol of 
linseed oil, as also from Burian s sitosterol. It still contains one pair 
of doul>ly-l inked carbon atoms ; hence it must be concluded that 
phytosterol contains at least two pairs of unsaturated carbon atoms. 

Sitosterol yields with bromine a dibromo-derivative,^ soluble in a 
mixture of ether and glacial acetic acid (difference from cholesterol 
dibromide) and crystalbsing only with difficulty. On adding water to 
its solution in ether and glacial acetic acid, it is thrown down as a heavy 

1 Arch. d. Vharm., 1909 (247), 161. ^ MonaUh. f. Chem., 1897 (18), 661. 

^ A. 11. Gill and C. G. Tnfts, Journ. Amer. Chem. Soc., 1908, 2r), 251. 

■* Zeits. /. physiU. them. 84, 431. 

Pickard and Yatt;.s (Journ. Chem. Sue., 1908, 1930) fouinl for a specimen of 
8ito.sterol from wheat germs, after heating it to IOC C. : — [aj„ (in chloroform) = -34-4 
(c-h'S) and [aj,, (in etlier)= - 28'21 (c — 2-9). 

“ Tlie phytosterol is <lescrihed as having been bought from Merck. Most probably 
this is a phytosterol obtained from Calabar beans ; but as tin*, melting point has not been 
stated, it must be left open to doubt whether all stignnisterol had been removed. 

’ Windaus, Chem. Zeit,, 1906, 1011. 
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oil, which can only be obtained with very great difficulty in a crystalline 
state. 

With n Uhl's solution phytosterol .gives an iodochloro compound ; 
the iodine value of phytosterol was found by Matthes and Heintz} 
62-79 (theory 65-8). With Wijs' iodine solution erratic results are 
obtained (cp. Chap. VIII.). 

Sitosterol absorbs 21-85 per cent of ozone, whereas theory requires 
for 2 molecules of ozone an increase of 24-84 per cent {Molinari and 
Fenaroli). The oxidation products of phytosterol are being studied 
by Pickard and Yates r 

Esters of Sitosterol 

Sitosternl formate, C 27 H 45 O.CHO, melts at 105-5'’-! 14-3^ C. (corr.), 
according to the purity of the various preparations of “ phytosterol ” 
obtained from different oils {Bomer). The crystals closely resemble 
those of “ })hytosterol ” itself. 

Sitosteryl acetate, C 27 H 4 JJO . CoH^O, crystallises, from a concentrated 
solution, in bunches of very fine needles ; from a very dilute solution, 
plates resembling “ phytosterol itself were frequently obtained. 
The melting point of the acetate is 125-6'^-137"C. (corr.) (jBo;;?cr), accord- 
ing to tlie purity of the preparations obtained from the different oils. 
Acetates prepared by other observers from cottonseed oil “ phytosterol ” 
melted at 125° C. {Wagner and Clement), 123-5° {Matthes and Ileintz) ; 
from dadap seed fat phytosterol at 130° {Cohen). The melting point of 
a pure acetute obtained from Burian's sitosterol, as also from Calabar 
beans, was found by Haulh, 127° C. [aj',;’- - 21-42° {Matthes and 
Ileintz). 

The dibromide melts at 135° C. {Rohdieh), 127° {lleiduschka and 
Gloth^). 

Silostenjl propionate, C. 27 H 4 ^().C 3 H 50 . The crystals are mostly 
obtained as very fine needles ; occasionally they form large plates 
very similar to those which phytosterol ” itself exhibits. The melting 
point varies from 106° to 117-3° C., according to the purity of the 
preparations obtained from the various oils. The melting point of 
propionate from Burian's sitosterol is 108-5° C. 

Sitostergl (normal) hutyrate, C 27 H 450 ,C 4 ll 70 , crystallises in forms 
very similar to those of “ phytosterol ” itself. The crystals melt at 
68-5°-90-6° C. (corr.), according to the purity of the preparations 
obtained. 

Sitosteryl benzoate, C 27 H 45 O . C 7 H 5 O, crystallises in rectangular plates 
very similar to those of cholesteryl benzoate. Preparations obtained 
from cottonseed oil and sesame oil “ phytosterols,” melted at 145-3°- 
148-4° C. (corr.). The benzoate obtained from Burian's sitosterol 
melts at 145°-145-5° C. {Ritter*). 

1 Arch. d. l%arm., 1909 (247), 161. 

Proc. Cheni. Soc., 1908, 227 ; Joitrn. Ch^m. Soc., 1908, 1928. 

3 Pharm. Zentredh., 1908 (49), 836. 

^ For other esters, and the several li(}iiid phases which “ phytosteryl ” esters exhibit, 
cp. Jiiger, Jiec. d. trav. chim. Poys-B((s, 1906, 334 ; Proc-ced, K. Aknd. van YVetcnsch., 
Amsterdam, 1907, 483 ; Walleraut, Compt. rend., 1906 (143), 605. 
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(2) Brassicasterol, C28H4gO + HgO 

Brassicasterol occurs in rape oil {Windaus and Wehch^). It has 
been prepared from its pure acetate in the form of hexagonal leaflets, 
melting at 148° C. In chloroform solution the specific rotation is 
[a]\f = -64° 25', in ethereal solution -63° 31'. 

Brassicasteryl aceiate, CggH^gO.CgHgO, obtained by reduction of its 
tetrabromo-derivative, crystallises in thin hexagonal leaflets, melting at 
157°-158° C. The tetmhromide, CgoH^gOgBr^, crystallises in rhombic 
plates ; it is sparingly soluble in methyl alcohol, ethyl alcohol, and 
glacial acetic acid, more readily soluble in acetone and ether, very easily 
soluble in chloroform. It decomposes at 209° C. 

Brassicasteryl propionate, C 2 gH 450 .C 3 H 50 , prepared by heating 
brassicasterol with propionic anhydride, crystallises from alcohol in thin 
quadrangular leaflets, melting at 132° C. The tetrahromide forms 
rhombic plates melting, with decomposition, at 206° C. On reduction 
with zinc dust and glacial acetic acid the propionate is re-formed. 

Brassicasteryl benzoate, C 2 gH 450 . C 7 H 5 O, obtained by heating 
brassicasterol with benzoyl chloride, melts at 167° C. to form a turbid 
liquid, which becomes clear at 169°-170° C. 


( 3 ) Stigmasterol, CgoH^gO (or C30H5QO) -f- H.^O 

Stigma.sterol was first found in Calabar bean “ phytosterol,” ^ of 
which it constitutes 20 per cent. This alcohol has also been found to 
occur, mixed with ordinary “ phytosterol,” in a number of oils and fats 
(see Vol. II. Chap. XIV.). Very likely this alcohol occurs frequently 
in admixture with sitosterol in the unsaponifiable matter of vegetable 
oils and fats. This would explain the great difference in the melting 
points of the esters of “ phytosterol ” found by Bbmer (sec above), llio 
alcohol forms crystals melting at 170° C., and appearing under the 
microscope, to be practically identical with those of “ phytostcrol.” 
In the Liebermann-Burchard '‘chole.stol ” reaction, stigmasterol behaves 
exactly like “ phytosterol.” In chloroform solution the specific 
rotation is [a]ph= -45-01° ; in ethereal solution -44-67°. 

This alcohol contains two pairs of doubly-linked carbon atoms, as 
it yields a tetrabromo-derivative, 

Stigmasteryl acetate, C 30 H 47 O . CgHgO, obtained by reduction of its 
tetrabromo-derivative, crystallises in rectangular plates ; it is easily 
soluble in acetone, chloroform, ether, sparingly soluble in methyl 
and ethyl alcohols, and melts at 141° C. The letrabrornide, C3oH4,0. 
C 2 H 3 O.I 314 , is sparingly soluble in methyl alcohol, ethyl alcohol, and 
glacial acetic acid, easily soluble in hot benzene, and with difliculty 
soluble in ether and acetone. It melts at 211°-212° C. 

Stiymasteryl propionate, C 30 H 47 O . C 3 H 5 O, crystallises from alcohol 

1 Berichte, 1909, 612. 

Windaus and Jlautb, Berichte, 1906, 4378. Zeits. f. (Inters, d. Nahrgs- u. 
Oenussm., 1909, xvii. 267. 
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in prisms melting at 122° C. The tetrabromo-derivative melts, with 
decomposition, at 202 ° C. 

Stigyyiasteryl benzoate, C 3 QH 47 O . C 7 H 5 O, crystallises in quadrangular 
plates melting at 160° C. 


CoPROSTEROL, C25H440(C27H4g0 ?) ^ 

This alcohol is formed through the reduction of cholesterol (which is 
discharged with the bile) by the bacteria occurring in the intestines. 
Hence it occurs in considerable quantities in sewage fats (see Vol. III. 
Chap. XVI.). Konig and Schluckehier found it also in considerable 
quantities in the excrements from animals fed with peas, maize, cocoa- 
nut cake, and sesame cake. It would therefore appear that “ phyto- 
sterol ” also is reduced to coprosterol in the alimentary canal.'*^ 

Coprosterol crystallises from 85 per cent alcohol in long fine needles, 
melting at 95°-96° C. ; 99°-100° C. {Doree). It dissolves easily in absolute 
alcohol, chloroform, ether, carbon bisulphide, benzene, and petroleum 
ether. It rotates the plane of polarisation to the right ; [a]’u’= +^4°. 
It differs from cholesterol by its crystalline form, its melting point, 
the sense and magnitude of the optical rotation, and the melting point 
of its benzoate. On treatment with ozone, coprostcrol absorbs one 
molecule of ozone {Doree ^). 

By the action of sodium amyloxide on coprosterol, an isomeric 
coprostcrol is obtained (Doree). 

Coprosteryl acetate crystallises from a mixture of alcohol and ether 
in rectangular plates melting at 114 °- 115 ° C. According to Doree, ^ the 
acetate crystallises in needles melting at 88 ° C. 

The separation of coprosterol from cholesterol and sitosterol, if 
occurring together (as in the case of sewage fats), is effected by 80-85 
per cent alcohol. 

Coprosteryl benzoate, crystallises in plates, melting at 122° C. (Dorm). 

' (’p. C. Dorde and J. A. Gardiner, Journ. Chern. Soc., 1908, 1625. 

Cp., however, Levitcs, Ifoppe-Sei/ler's Zeits. f. physiol. Chem., 1908(57), 46. Cp. 
also C. Kusninoto, liiocheni. Zuits., 1908 (14), 407, 411, 416. 

^ Jouni. Chem. Soc., 1909, 646. 

Biochm. Journ., 1909 (4). 79, 



CHAPTER IV 


PRErARATION OF THE FATTY MATTER FOR EXAMINATION 
— PRELIMINARY TESTS 

The fommercial preparation of the raw materials used in the oil and 
fat industries, and the methods of refining and bleaching them, will 
be discussed in the second volume of this work (see Chap. XIIL). 
In this section we deal with the fatty materials as they reach the 
works’ yard or the chemical laboratory. Preparatory to tfie analytical 
examination by physical and chemical methods, the fatty matter must 
be freed from foreign substances. 

Sampling 

In sampling a cask or barrel of fat one must be careful to obtain a 
sample which shall actually represent the bulk. This (’uii easily be 
done in the case of oils (liquid fats), and all that is necessary is to stir 
thoroughly any separated stearine ” {e.g. cottonseed oil) into the 
bulk of the oil. In the case, however, of solid fats special caution must 
be observed, or grave errors may be committed. 

The following reliable method of sarnplifig tallow and other solid 
fats is tlie one used at seaports and in works. By means of an auger 
a cylindrical sample of fat, at least eight inches long and one inch thick, 
is taken from each cask, or a convenient number of casks, and each 
sample is labelled with the number and marks of the cask, the gross 
weight and tare of each cask being also noted. If there be reason to 
presume the admixture of gross impurities such as sand, etc., which 
collect at the bottom of the cask or barrel, then it is advisable to tak(5 
further samples by boring a hole on the opposite side of the bung-hole 
of the cask or barrel. It may even be necessary to bore holes for 
sampling purposes through the ends of the packages, or in extreme cases 
to take off one end of the cask or barrel and draw a number of samples 
by inserting the auger in different places and at different angles. 

The several samples are mixed in the laboratory in quantities 
proportionate to the net weight of their respective casks, and the mass 
thus obtained is melted on the water-bath in a dish, at a tem})erature 
not exceeding 60^ C., with constant stirring As soon as the fat is 
melted, the dish is removed from the water-bath and the mass is stirred 
vigorously in order to prevent water and impurities from settling down 
to the bottom of the dish. 
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The first operation in the examination of fats is the estimation of 
water and of those substances of a non-fatty nature wliich can be 
readily separated from the fat. It should be borne in mind that a 
number of bodies, such as rosin, paraffin wax, paraffin oils, tar oils, and 
rosin oils, remain dissolved in the fat. These substances, excepting 
rosin, arc comprised under the term “ unsaponifiable matter.” Their de- 
termination, as also that of rosin, is carried out when the examination 
of the dry and preliminarily purified fat is reached. 

Estimation of Water 

About 5 gi’ms. of the sample arc weighed accurately in a small 
beaker or wide-mouthed flask containing a thin glass rod, and dried 
at l(X)°-ll(r C. until the weight remains constant, or, at any rate, 
until the loss after drying for one hour does not exceed 1 or 2 mgrms. 
(cp. Chap. VIII.). The drying should not be pushed beyond a point 
when approximately concordant results have been obtained ; as a rule, 
this will be reached within a few hours. Otherwise, slight loss may 
be caused by volatilisation of lower fatty acids (contained originally 
in the substance, or formed by hydrolysis at the high temperature) 
or an increase of wcught may take place owing to absorption of oxygen. 
It should l)C noted that both volatilisation and consequent deci’ease 
of weight on the one hand, and oxidation and con.sequent increase of 
weight on the other hand, may take place simultaneously, so that 
these two sources of error may to some extent balance one another 
(cp. also Chap. VllL). 

Whilst drying, it is advisable to stir the fat from time to time, 
as water will collect below the fat, and only slowly evaporate through 
it. This method will be found suitable in the case of solid and not 
readily oxidisablc fats. In the case of drying oils, it is advisable to 
dry in a current of carbon dioxide, or coal gas, or hydrogen. The oil 
is then best weighed in a flask closed by a cork perforated with two 
holes, through one of which a straight tube passes to the bottom of 
the flask, whilst the other is fitted with a bent tube ending with the 
cork. A calcium chloride tube is then attached to the straight tube, 
the bent tube is connected r>ith the filter pump, and a current of gas 
is di’awn through the oil at 100'’ C.^ 

In case the fats contain water in persistent emulsion it may be 
found expedient to admix dehydrated sodium sulphate with the sample.^ 
Bettei’ still is to treat such a sample in an extractor (see below). 

For the determination of water in butter fat and margarine, dried 
sand is mixed with the sample ; cp. Vol, II. Chap. XIV. Butter Fat ” ; 
for the determination of water in bone fat and in tallow see Vol. 11. 
Chap. XIV. “Bone Fat” and “Beef Tallow”; in lubricants see 
Vol. III. Chap. XV. “ Ijiibricating Oils— Lubricants ” ; and in Degras 
see Vol. III. Chap. XVI. “ Sod Oil-Degras.” 

In case caustic potash, or potash soap, or lime soap have been 

^ Tp. Jouni. Soc. Chem. Imh, 1886, 508 (Illustration). 

- Cp, (». I’errier, Ann. chim. anal, appl., 1909 (14), 867. 
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fraudulently added to tallow, etc. (in order to facilitate the incor- 
poration of water), the fat cannot be freed from the last traces of 
water by drying at 100° C. Bone fats normally retain lime soaps 
which do not readily part with the contained moisture even at 130° C. 
The safest plan in these cases is to determine the amounts of fatty 
matter, impurities, and of potash or lime separately, and to take the 
percentage of water by difference (cp. “ Bone Fat,” Vol. II. Chap, XIV.). 

Very small quantities of water — ^below 0*5 per cent —in lard can 
be ascertained with great accuracy by determining the temperature 
at which the melted lard becomes turbid (cp. Vol. II. Chap. XIV. 
“ Lard ”). This method is, however, not applicable to the determina- 
tion of moisture in tallow.^ 

For the determination of water by distillation after addition of 
toluene or xylene cp. Vol. III. Chap. XV. “Lubricating Oils”; cp. 
also F. Michel.^ 


Determination of Foreign Substances 

To determine solid substances, such as remnants of vegetable or 
animal tissue, dirt, or fraudulent admixtures, 10-20 grins, of dried ^ 
fat are extracted in a flask by shaking with one of the following solvents : 
petroleum ether, ether, chloroform, carbon tetrachloride,'* trichlor- 
ethylene, or benzene. Carbon bisulphide which is largely used in 
French laboratories is best avoided. The solution is then ])oured 
through a tared filter and the residue washed on the filter with the 
same solvent, until a few drops of the filtrate, evaporated on paper, 
no longer leave a grease-spot. The filter with its contents is then dried 
at 100° C. and w'eighed. The dried residue may be incinerated and 
weighed again, when the difference will give the amount of organic 
matter. If the amount of ash is large (salt, chalk, clay, or lime from 
fraudulently added lime soap), further examination of these foreign 
matters is required. 

Of the foregoing solvents, petroleum ether will bo found the most 
convenient, inasmuch as it di.ssolves smaller quantities of resinous 
bodies than do any of the other solvents mentioned. Therefore, if 
there be no reason against the use of petroleum ether — e.g. in the 
case of castor oil ^ — this solvent should be employed ; all the more so, 
as it can easily be obtained in a state of purity and free from acid ; 
besides, it need not be dried beforehand. It should, however, be 
rectified carefully by means of a fractionating column, and all portions 
boiling above 80° C., or in some cases above 50° C., should be discarded. 
If necessary, it should be purified by shaking with a little concentrated 
sulphuric acid ; after separation from the dark acid layer, the petroleum 
ether must be washed with water until entirely free from acid ; it is 

' Fi.scher and Schell«n.s, Zeits.f. Unters. d. Nohnjs- u. (Jennsarn., 1908, xvi. IGl. 

^ Chem. ZeiL, 1913, 3.03. 

Withiregani to “Bone Fats" cp. Vol. II. Cliap. XIV. 

* Cp. 0. liammstedt, (Jhem. Zeit., 1909, 94. 

Sulphur olive nil oxidised acids ; di'tfrfw oxidised acids also require special cou- 
sideratioii ; see Vol, II. “Sulphur Olive Oil.” ('p. [>. iiSf). 
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best to distil it off, so as to free it from any remaining high boiling 
substances, formed by the treatment with sulphuric acid. 

In the case of bone fats, Shukoff and Scheslahoff ^ showed that the 
choice of the solvent is not immaterial, as carbon bisulphide indicates 
less insoluble matter than does petroleum ether ; carbon bisulphide 
also extracts more lime soap in the hot than in the cold. Thus a sample 
of bone fat treated with hot carbon bisulphide and filtered rapidly 
gave M per cent of insoluble matter, whereas after cooling 6-5 per cent 
were obtained. 

If a considerable quantity of organic matter has remained on the filter, 
the residue should be tested for soaps of the alkaline earths, metallic soaps 
(aluminium soaps, etc. ), and starch. On treating the residue with mineral 
acids, the soaps are decomposed with liberation of fatty acids which 
remain on the filter, whilst the metals pass into the aqueous solution. 

Starch can be detected in the organic residue by the blue colouration 
it gives with iodine solution ; its presence is confirmed by microscopical 
examination. It is important to note that on dissolving a fat in 
petroleum ether, etc., starchy matter is liable to retain some fat. Hence 
the amount of starch found does not coincide exactly with the weight of 
the dried residue. Konig recommends, therefore (especially in butter 
analysis), to wash the residue, after exhaustion with ether, with cold 
water, in order to remove any water-soluble substances. The residue 
is rendered soluble by boiling with water, and is finally converted into 
glucose by heating with hydrochloric acid. The glucose may be 
estimated by means of Fehling's solution. 

Ethereal oils contained in some natural fats, as in nutmeg butter, 
arc best determined by distillation in a current of steam. On weighing 
the remaining dried fat, tlic quantity of essential oil will be found by 
difference. The distillate may be shaken out with ether, and the 
ether residue further examined. 

Naphtha in extracted greases (see Vol. III. Chap. XVI.) may be 
determined in the same manner, viz. by passing a current of steam 
through 50 or 10(J grins, of the sample. Large quantities are best 
determined as described in Chapter VI. “ Unsaponifiable Matter.” 

Substances soluble In water (some, e.g, common salt, may be 
found on the filter) are removed from the fat by shaking a large quantity, 
about 50-100 grins., with warm water, so as to melt the fat. The 
mixture is allowed to stand in a warm place until it has separated 
completely into two layers. Should the separation not be complete 
after a short time, or should part of the fat form an emulsion with 
the aqueous layer, addition of a little ether will be found effective in 
causing separation. The aqueous liquid is then removed by means 
of a separating funnel and examined. Any existing traces of sulphuric 
acid (left in the oil from refining operations) will be found in this aqueous 
layer, and are estimated by titration with standard alkali, using rnethyl- 
orange as indicator. Other substances present may be determined in 
the residue left on evaporation. 

At the seventh International Congress of Applied Chemistry, 
‘ Journ. Soc. Ctum. 1898 , 805 . KmK, 1898 , 6 . 
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London, 1909, Frank Tale submitted the following description of the 
methods adopted in his laboratory for the estimation of impurities 
in the most fj-equently occurring cases : 

Greases other than Nd'phtha Greases — Water . — 50 grms. arc heated 
in a crucible on asbestos felt, or a sand-bath, over a low Bunsen flame, 
until all the signs of ebullition have ceased, and the fat is in a condition 
of calm fusion, without giving off vapour. Allow to cool and weigh ; 
the loss multiplied by two gives the percentage of water in the sample. 

Total Naphtha — if Naphtha he present. — bO gi’iiis. of the sample 
are placed in a flask, and steam is passed into the flask. The naphtha 
and steam passing off are condensed in an ordinary condenser, and 
the whole collected in a graduated tube. The naphtha floats on the 
top of the condensed water, its volume is noted when the amount is 
constant, and the weight calculated from its specific gravity. 

The wafer in the presence of naphtha is estimated by heating 50 grms. 
of the sample in a crucible on a sand-bath, or asbestos, as described 
above. The loss gives the amount of water in the .sample and some, 
or all, of the naphtha. The grease is now removed to a flask and dis- 
tilled with steam, and any naj)htha in the grease is condensed and 
measured, and its weight calculated from the .specific gravity. 

The amount of naphtha obtained by this distillation deducted from 
that obtained by the distillation for total naphtha gives the amount 
of naphtha which pas.sed off with the water when the 50 grms. of the 
sample were heated in tlie crucible on the sand-bath ; this amount 
deducted from the total lo.ss gives the water only. 

Lime-soap, etc . — 10 grms. of the .sample (undried) arc treated with 
petroleum spirit (of 0-700 sp. gr.) at a temperature of from 15’5^ C. 
to 20" C. (not higher). The insoluble re.sidue. is collected on a tared 
filter paper and wa.shed with petroleum .spirit at the above temperature ; 
the last washings arc tested by evaporation for pie.sence or absence of 
fat, and the filter paper and insoluble re.sidue ii* dried at 212° Fahr. 
and weighed ; the result gives the “ lime-soap ” and the “ dirt.” After 
weighing, the re.sidue is treated with dilute hydrochloric acid to decom- 
po.se the soap ; tlie fatty acids from the .soap are collected, weighed, 
and calculated to the erpiivalent fatty anhydrides in the usual way. 

The remainder repre.scnt.s the “ Mineral and other matters free from 

, , 

It is advisable to ensure that none of the lime-.soap has been dissolved 
by the petroleum .spirit at the temperature employed. This may be 
done by estimating the lime in the .solution resulting from the treatment 
of the “ lime soap and dirt ” with hydrochloric acid after removal of 
the fatty acids as above directed. The amount of lime so obtained 
should agree with the lime a.scertained by igniting 10 grms. of the 
fat and c.stimating the lime in the re.sulting ash. 


Determination of Fat in the Sample 

The determination of true fat in a .sample Is conveniently combined 
with the estimation of foreign substances (see above) by collecting 
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the filtrate in a tared flask, evaporating the solvent, and weighing the 
dried residue. 

If mucilaginous, starchy, or other solid substances are intermixed 
with the fat, the following process will be found more convenient and 
more reliable. The sample is intimately mixed with 4*6 times its 
weight of sand or, if water is retained tenaciously, finely powdered 
gypsum (previously washed and heated), and dried at lOO'' C. The 
mass is then transferred to an automatic extractor. 

The most convenient apparatus for the extraction of fat is the 
one devised by Soxhlet {Szomhaihy) (Fig. 1). A modification of this 
apparatus, which is fre(]uently preferred, being 
less liable to break, is shown in Fig. 2. 

The substance to be extracted is placed 
in a cartridge of filter paper, pi'cpared by 
rolling filter paper round a cylindrical piece of 
wood of suitable size and folding it up at one 
end. The cartridge is filled with the sub- 
stance and transfciTcd to the extractor A. 

Care must be taken that the syphon tube be 
not stopped up by the papei- case ; nor should 
the cartridge be filled to the top, lest some 
))articles of the substance be washed over by 
the solvent and carried away. To be quite 
safe, it will be found advisable to place a 
plug of (extracted) cotton-wool on the top of 
the substance, or to close the toj) by folding 
the paper over it.^ The tube B is then fitted 
by moans of a cork to a flask charged with 
about 50 c.c. of the solvent (petroleum ether, 
ether, chloroform, etc.). Another portion of the solvent 
is .carefully poured on to the substance in B, until it 
commences to run off through the syphon D. Finally an inverted 
condenser is fitted to A, and the whole apparatus placed on a water- 
bath. As the solvent boils, the vapours pass through B and C into 
the condenser, and fall condensed on to the substance in the paper 
case. When the li(piid has reached the level h, the solution syphons 
off aut(miatically through 1), and A is emptied completely. The solvent 
is again evaporated and recondensed, and thus serves again for extract- 
ing, and so on. In this way the vessel A may easily be filled and 
emptied twenty to thirty times within an hour. 

The choice of the solvent is by no means immaterial, and the general 
assumption that the selection of the solvent may be allowed to depend 
on the convenience of the operator must be considered erroneous. It 
is frequently found that one specific solvent does not extract the fat 
completely from every fat-containing substance. This is especially 

J H. Bull and H. Gregg {Ti<M:n/t for Kemi, 1912, 321) state that iu the e-xtr-actiou 
of whale meal (also of cotton), etc., the ether passes through the filter paper in preference 
to percolating the substance. They therefore reconinieud to fix inside the cartridge of 
the filter paper a cylinder of sized writing paper. 
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noteworthy in the case of products of the animal organism such as 
meat, egg yolk, etc. (cp. Vol. II. Chap. XIV. “ Egg Oil ” ; also Kwma- 
gawa and Suto ^), and in the case of the fatty matter contained in the 
heart, liver, etc. Large amounts of lecithin (phosphatides) in these 
organs prevent on the one hand complete extraction with ether, on the 
other hand the ether extracts, in addition to fats, also other substances.^ 

As a general rule, it may be stated that ether, carbon bisulphide, 
and carbon tetrachloride ® dissolve all fatty substances present with 
equal facility. If strictly accurate results be required, it is always 
advisable to treat the extracted meal, etc., with petroleum ether. 
(Cp. also Vol. II. Chap. XIII.) Thus petroleum ether does not dis- 
solve the oxidised acids of, e.g., sulphur olive oil, degras, etc. (cp. 
“ Sulphur Olive Oil ”) ; nor does it issolve theobromine from cacao 
beans, whereas ether readily extracts this alkaloid together with the 
cacao butter. In other cases, as in dressings of textile fibres, stannic 
chloride is readily extracted both by dry ether and petroleum ether. 
Also aluminium, ferric, and stannous chlorides are dissolved by ether. 
Hence it is necessary to extract textile goods with water previous to 
extracting fatty substances. For 
the determination of fat in food- 
[ stuffs cp. E. Polenskc* 

! When using the form of Soxhlel's 

; extractor described above, there 

; I is always some doubt as to the 

; ! I ; i exact time when the extraction is 
I ; j : complete, and, as a rule, the opera- A 

tion lasts much longer than neces- 
sary, involving both loss of time and 
i ’ ^ of solvent. To avoid this Lew- 

koivitach ^ has a tap fitted on to the 
syphon tube, so that some of the 
solvent can be withdrawn at any 
time to ascertain the progress of extraction 
(Fig. 3). 

If the substance to be exhausted has been 
collected on a filter, the simplest plan is to fold 
^ the filter over the substance and jilace it at once 

in the extractor. 

Fruhling ® proposed a modified form of the Eoxhlel extractor which 
admits of convenient handling for weighing before and after the ex- 

’ Biochem. Zeits., 1908 (8), 212 ; cp. Shimidzu, ifnd., 1910 (10), 237 ; Kocli, (Jhtm. 
ZeiL, 1911, 1040. 

2 Hartley, Journ. of Physiol., 1907 (36), 17 ; E. Schulze, Zeit, /. angev), Clmn., 
1908, 112.^ ; Falirion, ilrid.., 1909, 769. 

3 Cp. E. P. Harding and L. L. Nye, Joum. Irul. Eng. Chem., 1912, 895. In the 
extraction of fffices carlxju tetrachloride extracts in twelve hours 17 '9-33 ’8 per cent more 
of fatty matter than does dry ether in 24 hours (A. I). Emmett, Journ. Amer. Chem. 
.Soc., 1909 (31), 693). Cp. also Chnpu.s, “Analyse et do.sage des maticres gras8e.s dans 
les feces,” Journ. de Pharm. et de Chim., 1909, 301. 

* Arb. a. d. Kais. Gesundhe.itsamte, 1910 (xxxiii.), 563. 

® Journ. Chem. iSoc., 1889, 360. ® Journ, Boc. Chem. hid,, 1889, 608. 
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traction. The essential part of the apparatus, which serves for the 
reception of the sample, is shown in Fig. 4. It has the form of an 
ordinary filter- weighing bottle, differing only from it in that the bottom 
has a funnel-like shape. It is provided with a syphon, the longer limb 
of which passes through the bottom, where it is cut 
off aslant. The sides of A are continued beyond the 
protruding limb of the syphon, so as to allow of its 
standing in an upright position on the pan of a 
balance ; at the same time the tube is thus protected 
from breakage. The shorter limb of the syphon 
reaches to the bottom of the bottle, and in its upper 
part is provided with a bulb which serves to sever the 
column of the solvent when the bottle is taken out of 
the tube B (Fig. 5). This tube is the ordinary form 
of the Soxhlet extractor without its syphon tube, and a 
serves for the reception of A. The upper part of B 
may be fitted with a carefully-ground stopper, to which 
is attached tube C. The whole arrangement and 
application of the apparatus will be readily under- 
stood from a glance at the annexed figures. 

For the extraction of substances at the boiling 
point of the solvent, F. K, Stock recommended a suit- 
ably modified extractor.^ 

The number of modifications and improvements 
of SoxhleCs ingenious apparatus is almost legion. As 
the above-described forms will be found suitable for 
most purposes, the i-eader must be referred for further 
information to the pages of the Journal of the Socieltf 
of Chemical Industry, where a complete record of all 
jiroposcd forms will be found. 

When the extraction is complete, the flask contain- 
ing the solution is detached from the extractor, the 
solvent distilled off’ on (he water-bath, and the fat 
dried in an air-bath at a temperature not exceetbng 
1(KJ“-110° C., until the weight remains fairly constant (cp. Chap. VlJl.). 

The apparatus described above will also be found useful for the 
estimation of the fat contained in oleaginous seeds, oil-cakes, etc. 
Previous to the extraction, the substances must be disintegrated to a 
fine powder, and, if required, dried at a suitable temperature (cp, 
Vol. II. Chap. XIII.). 

The drying and filtering of the fat is best carried out in a spacious 
drying oven provided with a thermostat (thermo-regulator). 

The drying oven may be one of the customary type of about the 
following dimensions : 10 inches high, 10 inches broad, and 6 inches 
deep. An apparatus the author had made with slight alterations after 
Sidersky's ^ design, consists of a jacketed cylindrical oven provided with 
a door having a thick glass plate and closing hermetically. Suitable 

^ Jonrn. Soc. C/iem. hid., 1897, 107 ; cp. also E. B. Warren, Anali/st, 1906, 314. 

Ibid., 1890, 967. 
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taps allow the drying to proceed in vacuo or in a current of dried air 
or of an indifferent gas, which can be aspirated slowly through the 
drying chamber. The space between the two cylinders may be filled 
with water or any other suitable liquid ; thus the desired temperature 
can be kept constant without attention for any 
length of time. 

Reichert's improved form of thermo-regulator ^ 
is shown in Fig. 6. It consists of a capillary tube 
enlarged at the bottom to a bulb c, — in short, a 
thermometer, the top part of which is widened out 
as shown. The capillary branch tube is supplied 
with a screw S, by means of which the level of 
the mercury may be adjusted at will. The gas-supply 
tube A is carefully ground into the upper part of the 
thermometer tube, and extends down to the joint of 
the stem. A has an opening at the l)ottom, and is 
also perforated with a small hole at a. The gas 
entering at A leaves the regulator at B. The 
thermostat is fixed, side by side with an ordinary 
thermometer, by means of a cork perforated with 
two holes, into a nozzle of the drying oven ; A is 
then connected with tlie gas-suj)ply, and B with 
the gas-burner. The tube A must be adjusted in 
such a way that communicatio* with B is estab- 
lished througli a, whilst S is screwed out of the 
tube sufficiently far to allow tlie mercury to fall 
below the tapered part. The oven is then heated, and at the moment 
the desired temperature has been reached, 8 is screwed into the 
tube until the column of mercury just reaches the tube A. The 
exact moment is easily observed as the flame of the burnei’ becomes 
smaller. Gas is then supplied to the burner through a only, until, 
ill conseipience of the falling of the temperature in tlie oven, the 
mercury falls, thereby allowing an additional sup])ly of gas to flow 
through the lower end of A, which had been closed before by the 
mercury. With the rise of temperature the mercury expands, and 
again clo.ses the lower opening of A, thus causing the temperature to 
fall, and so on. It is thus possible to keep the temperature constant 
within very narrow limits. In the case of the flame of the burner being 
too high for the desired temperature, even when gas passes through a 
only, the gas-supply must be diminished by slightly turning the tube 
thus partially closing the opening a. 

The screw S is usually cemented by the maker of the instrument 
with sealing-wax, which, however, easily melts, allowing mercury to 
ooze through the cork ; care should therefore be taken to protect the 
wax from becoming overheated.^ 

’ Cp, also the thermo-regulator made hy Kob k Co., Chern. Zeit., 1910, ll.^»2. 

The principle underlying Reichert’s thermo-regulator, but avoiding the Inst- 
niontioned drawback, has been employed by Rerlemont, cp. Jouni. Son. Chem. huL, 
1895, 821. Cp. eHj)ecially the improved Reichert thermo-regiilutor ilescribed by R. 
Fander, Chem. Zeit., 1913, 40. 
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Another objection to Reichert^ s thermostat has been pointed out 
by J. W.. James} namely, that after short use — a few days or weeks, 
depending on the purity of the gas — the upper surface of the mercury 
becomes coated with a black powder (mercuric sulphide), which before 
long impairs the delicacy of the regulator. It then becomes necessary 
to take the apparatus to pieces for cleaning. James therefore designed 
a thermostat, making use of Reichert's principle, in which the objection- 
able passing of the gas over the surface of the mercury is avoided. 
For the drawing of the instrument and instructions for use the original 
paper should be consulted. E. Fontaine ^ replaces the horizontal tube 
of Reichert's thermo-regulator (ending in screw S) by a tube bent up- 
wards at a right angle. 

Another thermostat, made entirely of metal and not containing 
mercury, has been described by Forges.^ 

In a laboratory provided with steam it is most convenient to connect 
the jacketed drying oven with the steam supply ; a thermostat can 
then be dispensed with. 

If it is merely a question of freeing a sample of fat from water 
and gross impurities for subsequent examination, the fat is best melted 
in a dish on the water-bath and kept in the melted state until water 
and dirt have settled out. The clear fat is tlien poured off through 
a dried filter, which absorbs the small quantities of moisture dissolved 
in the fat. 


Detection and Determination of Inorganic Substances 
in the Fatty Matter 

■ Oils and fats dissolve small quantities of water-soluble, as also of 
metallic, soaps. In “ boiled ” oils metallic soaps are present as a 
normal constituent. The presence of metals is readily ascertained by 
burning off a few grams of fat in a porcelain crucible ; if a metal be 
present, a residue is obtained. As a rule the following may bo ex- 
pected : sodium and potassium hydrates, lime, alumina, and the 
oxides of iron, lead, copper, zinc, tin, and nickel (in the case of 
“ hardened ” fats). 

In the presence of alkali metals the residue dissolves in water and 
the solution has an alkaline reaction to htmus paper. Sodium and 
potassium salts are identified by applying the methods used in the 
analysis of soaps (Vol. III. Chap. XV.). 

If lime be suspected, the ash is treated with dilute hydrochloric 
acid. After filtering, the filtrate is tested with ammonium oxalate 
and ammonia. A white precipitate indicates the presence of lime. 
For the quantitative estimation of lime the precipitated calcium oxalate 

1 Journ. Soc. Chem. Ind,, 1893, 225. ^ 

® Ann. chim. analyt, 1911 (16), 62. ' 

* Zeits. f. analyt. Chevi., 1898, 212. Cp. also T. M. Lowry, Journ, <Soc., 

1906, i030, aud Zeits. f. Chem. Apparatenkunde, 1906, i. 265, 281 ; cp. also German 
patent 243,047. 

VOL. I 
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is allowed to stand in a moderately warm place for twelve hours ; it 
is then filtered, dried, and the residue heated over the blowpipe until 
the weight of the calcium oxide remains constant. 

The separation of other metals from an oil or fat is in most cases 
best effected by warming the sample in a flask on the water-bath with 
dilute nitric acid ; the metals then pass into the acid liquid. In the 
ease of tin, only a portion of the metal is thus extracted.^ If tin 
be suspected it is advisalde to fuse the sample with sodium 
caibonate and potassium nitrate. In other (‘ases a somewhat large 
quantity of the fat may be incinerated in a platinum dish (if lead be 
suspected, in a porcelain crucible). The resulting ash is then dissolved 
in a few drops of nitric acid, and the solution diluted with water. In 
some cases it will be found convenient to dissolve the fat under examina- 
tion in ether, and to shake the ethereal solution with acidulated water. 

A ])ortion of the acid .solution obtained by any of the ])receding 
methods is tested with sulphuretted hydrogen ; the presence of lead 
and (or) copper, or nickel is indicated by the appearance of a black or 
brown precipitate or colouration. 

Othei' [)ortions of the solution are tested (1) with ])ota.ssium ferro- 
evanido (brown precipitate) or with ammonia (blue colouration) for 
copper (2) with sulphuric acid (white j)recipitate) or with potassium 
chromate (yellow precij)itate, soluble in potash) for lead. For the 
detection and c.stiniation of iron sec below. Zinc (taken up by oils 
and fats from galvanised packages) and almnimi are detected by the 
well-known methods of quantitative analysis. 

Copper oxide is sometimes intentionally added to oils in order to 
impart to them a green colour. Edible fats (such as lard), when kept 
in copper or lead-glazed vc.ssels, easily take iq) copper or lead on turning 
rancid. The (piantitative determination of 1he.se two metals in edible 
oils and fats dc.scrves, therefore, special attention. 

Quanlitalire Deiernnnalion of Copper 

Weigh off accurately 10 to 20 grins, of the fat under examination 
in a ])latinuni dish and incinerate. Dissolve the ash in a few drops 
of nitric acid, dilute with water, and filter into a beaker. Heat the 
solution nearly to the boiling point, add pure caustic soda or potash, 
and heat again for a few minutes. Filter olf the black precipitate of 
copjier oxide, dry, ignite, and weigh. 

Another method is to .stir the warmed fat thoroughly with hydro- 
chloric; acid, and pour the acid liquid through a filter ; the fat is then 
washed several times with water, and the washings are added to the 
main portion. Next the solution is heated whilst a current of sulphur- 

1 J. A. Emery, Twenty -sLdh Anmial Report of the. lUireau. of Animal Industry ^ 
1909. , ’ 

Tlic tlaiiie colour rcjictioii for copper is u.scless (V'uu1»cl, Chnn, Zeit., 1910, OBf)). 
J. F. Saclier liiw .shown that moist fats forming carljou inonoxhle, owing to iucompleto 
conibu.stion, give a green colouration which dry fats do not exhibit. Fats containing 
boric acid or borate.s give also the green colour [Chem. Zeit.., 1910, 824). 
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etted hydrogen is passed through it. The precipitated cupric sulphide 
is filtered oil, washed with water containing sulphuretted hydrogen, 
dried, mixed with sulphur, and heated in a porcelain crucible in a 
current of hydrogen. The copper is thus converted into cuprous 
sulphide, CugS. 


Quantitatice Determination of Tjead 

The lead is brought into solution as lead nitrate by one of the 
methods detailed above. Dilute sulphuric acid is then added, and the 
solution warmed on the water-bath until all the nitric acid has evapor- 
ated off. The remaining liquid is mixed with a little water and twice the 
volume of alcohol. After allowing to stand for a few hours the pre- 
cipitate is filtered off, washed with dilute alcohol, dried, and ignited. 
The filter must, of course, be incinerated separately. The resulting 
lead sulphate is calculated to lead oxide or lead. 

The following is a more rapid, though less accurate method : — Burn 
off several grms. of the fat in a tared porcelain crucible. The residue, 
consisting of a mixture of metallic lead and lead oxide, is weighed, 
and then treated with warm acetic acid to dissolve the lead oxide. 
The metallic lead is washed by decantation, and the crucible dried and 
weighed again, vvdiereby the amount of metallic lead is found. The 
difference between the two last weights corresponds to the amount of 
lead oxide ; it is calculated to lead, and the quantity is added to that 
found for the motuilic lead. 

Another rapid method is to shake the ethereal solution of the fat 
or oil with dilute sulphuric acid, filter, ignite the precipitate, and weigh 
as lead sulphate.^ 

P. Schindler- found recently considerable amounts of lead in 
edible oils. Experiments made with non-rancid sesame oil showed 
that lead was rajiidly attacked. The source of the lead in the com- 
mercial edible oils was traced to iron storage vessels which had been 
coated inside with an alloy of lead and antimony. 

Detection and Estimation of Iron 

Iron appears to bo a ncrmal constituent of the marrow fats of 
animals, and it would seem that the marrow of young animals contains 
a higher amount of iron than that of old animals. The amount of iron 
in the marrow fat decreases with the age of the animal. Fats from 
other parts of the body, such as muscles, kidneys, cellular tissues, 
contain small (piantities of iron. Traces of iron have also been found 
in cacao butter, in Japan wax, in beeswax, in spermaceti, and in Chinese 
wax. Lecithin and cholesterol also tenaciously retain iron. The 
amount of iron found seems to stand in proportion to the quantity of 
lecithin present in the substances examined (IF. Glikin^). 

As a rule, the determination of iron is unnecessary, except in the 

^ B’resoiuiis and Scliattenfroh, Journ. St)c. Chem. Ind.y 1895, 895 ; Zeits. /. aiidlyt 
Ohem., 1895 (34), 382. 

* Zeits,/. Offentl, Chevi., 1913, 132. ^ Berichte, 1908, 910. 
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case of oils used for dyeing purposes and for currying leather ; these 
oils should bo free from iron. Alizarin oil (which usually contains 
from 15 to 20 per cent of free fatty acids), if kept in iron vessels, is 
especially liable to be contaminated, and the examination of Turkey-red 
oils for iron is therefore important. 

Emde ^ describes the following convenient method : — The oil is 
shaken in a graduated cylinder with water acidulated with sulphuric 
acid. A few drops of potassium ferrocyanide are added, and the 
whole shaken up with a little ether. The oil dissolves in the ether, 
and forms a sharply-defined layer on the water. In the presence of 
iron a more or less dense layer of Prussian blue, containing all the iron, 
will appear on the border-line between the two liquids. Comparative 
tests with the same quantities of iron-free oil, water, acid, and potassium 
ferrocyanide admit of an approximate estimation of the amount of iron.^ 

For accurate estimation it is, of course, necessary to precipitate 
the iron as hydrated ferric oxide and weigh it as ferric oxide. 

Detection of Nickel 

The detection of nickel is of special importance in the case of ‘‘ hydro- 
genised ” hardened ”) fats which are apt to retain traces of the 
nickel catalyst used in their preparation. The nickel is best detected 
by incinerating the fat under examination, dissolving the ash in hydro- 
chloric or nitric acid, and testing the solution with diacetyldioxime 
(dimethylglyoxime) (Tschiigaeff^), An excess of acid sliould be 
avoided. The solution is neutralised with ammonia, a little diacetyl- 
dioxime in powder is added, and the solution boiled. If a notable 
amount of nickel is present, a scarlet precipitate is obtained ; if only 
traces of nickel are present, the solution becomes yellowish, and a red 
precipitate separates on cooling. Thus even one part of nickel in 
2,000,000 parts of solution can be detected.^ 

Other inorganic substances which may occur as impurities, or 
have been added intentionally, are sulphur, phosphorus, and chlorine. 
They are detected and estimated as follows : — 

Qualitative Test for Sulphur 

Oils which have been extracted by carbon bisulphide may retain 
small quantities of sulphur. Some natural oils, such as those belonging 
to the rape oil group, are apt to retain some sulphur. 

Sulphur to the extent of 0-57 per cent has been found in the un- 
saponifiable matter of cotton seed oil. 

Sulphur is detected by saponifying the sample with caustic soda 

^ Journ. Soc. Cliem. hid., 1888, 591. 

’ For the determination of iron in oleic acid with the aid of adrenalin sec Giumand 
Harrison, Pharm. Journ., 1907, 25, 181. 

» Berichto, 1906, 2520. Cp. also Fortini, Chem. Zeit.., 1912, 1461. 

* Palladium also is indicated by the “dimethylglyoxime” teat (M. Wundor and 
V. Thiiringer, Zeit.f. analyt. (Jhem., 1913, 101). Although it ia not likely that palladium 
will be used coirimercially for hydrogeuising oils, circumapection must be used in judging 
from a positive reaction. 
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or caustic potash, when sodium or potassium sulphide is formed. On 
adding to the soap solution an alkaline lead solution, a black or brown 
precipitate will be obtained. 

A rapid method to detect sulphur is to immerse a bright silver 
coin into the heated oil. In presence of sulphur the coin will become 
brown or black. 

kSulphuric acid or sulphonated oils (or their fatty acids) cannot 
be detected by the preceding methods. On washing the sample with 
water any sulphuric acid present passes into the aqueous layer, and is 
detected therein with the aid of barium chloride. Sulphonated products 
obtained by prolonged treatment of oils with sulphuric acid (see Vol. III. 
Chap. XV. “ Turkey-red Oils ”)» must be first decomposed, either by 
boiling with hydrochloric acid or by fusing with caustic potash and 
potassium nitrate. 

For the determination of sulphur in sulphur olive oils see Vol. II. 
Chap. XIV. “ Olive Oil.” 


Quantitative Determination of Sulphur 

(а) Weigh off carefully a somewhat large quantity of the sample 
and saponify in a silver dish with alcoholic potash (Liehig). Boil 
down until the mass becomes syrupy, allow to cool, add a few sticks 
of pure caustic potash and some potassium nitrate — about one-eighth 
of the weight of the 
caustic potash — and 
^ally a few drops of 
water. Heat the mass 
carefully, with con- 
stant stirring — using 
a silver stirrer — and 
raise the heat gradu- 
ally until the mass is 
fused and has become 
perfectly white. Then 
allow to cool, dissolve 
in water, and transfer 
to a large beaker, in 
which the sulphuric 
acid formed is pre- 
cipitated in the usual 
manner with barium 
chloride. In very 
accurate work it is 
preferable to boil out the heated barium sulphate with dilute hydro- 
chloric acid and to weigh again. 

(б) Allen^ proposes, for the determination of sulphur in oils, an 



Fig. 7. 


^ Analyst, 1888, 43. Cp. the apparntu.s adopted by the Metropolitan Gas Referees. 
In view of the fact that in some petroleums {Chem, ZeiL, 1911, 1119) part of the sulphur 
compounds are not burnt up pari passu with the oil, but remain behind, it is necessary 
to examine the oily residue left in A as well. 
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apparatus similar to tliat used for the estimation of sulphur in coal 
gas (Fig. 7). Five grams of the oil arc mixed with 45 grms. of alcohol 
and hurnt in the lamp A, which is fitted into the wider end of a curved 
adapter, e contains solid ammonium carbonate. The gases pass 
through C into the condenser D, which is filled with wetted glass balls. 
The lower end of D is furnished with a glass stop-cock h for drawing 
off the condensed liquid. A second condenser G is attached to D to 
condense the vapours escaping from 1). The upper tubulure of G is 
connected with an aspirator to produce a slight draught. The flame 
should be a small one, and should be surrounded by wire gauze to 
prevent overheating. The liquid drawn from the condensers contains 
the sulphur as sulphite and sulphate ; these are estimated by well- 
known methods. 

Similar contrivances have been described by Mabery,^ by Ueusler,^ 
by Entjler,^ by KissUug,^ and by Schulz.^ 


Estimation of Phosphorus 

In order to estimate the amount of pliosphorus in fats containing 
lecithin, the sample is saponified with alcoholic potash ; the alcohol 
evaporated olT, the soap solution diluted with water and shaken out 
with ether, in order to remove any cholesterol that may be present. 
The soap solution is then decomposed by a mineral acid, and tlic fatty 
acids are separated from the a(.id li(pior. Tlie latter contains the 
phosphorus as glycero-phos])horic acid (sec Cliap. III. p. 193). The 
solution is boilecl down to dryness and the residue fused with potassium 
hydrate and potassium nitrate. The melt is then dissolved in water, 
the phosphoric acid precipitated by magnesia mixture, and weighed as 
pyrophosphate. By multiplying tlie IV ^5 found by 1T3G(3, the amount 
is expressed in terms of lecithin,, 

The following table contains the proportions of calculated lecithin 
in oils and fats : — 


1 Jouni. Hoc. Chem. /„</., 1&95, 197- “ Ibid., 1895, 828. 

^ I hid., 1896, 383. 

* Ibid., 1896, 384 ; cp. also Iknipel and CJraef»‘, Zcits.f. amj. Chan., 1904, 1616. 
Ibid., 1913, 186. 


[Table 
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Lecitliin 


Oil or Fat. 

rhosphoriiH. 

calculated from 

Observer. 



riiosptioru.s. 



Per cent. 

Per cent. 


Linseed .... 


0-33 

J acckle 

Poppy seed . 


0 

Hopkins 

Maize .... 

... 

1*49 

Sorghum 


0-23 

Andrejew 

Cotton seed . 


0*002.5-0 -006 

Jaeckle 

Se.sain6 .... 


0-00.5 

To[)lcr 

Wheat .... 

0-26 

6-5 (!) 

Peas ^ . . . 

117 

30-5 (?) 

Jaeckle 

Rape .... 


0-11 

Almond .... 


0-03 


Arachis .... 


traces 

Kitt 

Jaeckle 

Kgg’ . . . . 

Cod liver 


0-2 

0-00.5 

Cacao butter . 


0-11 


Cocoa nut 


001 


Hare 


0-03 

,, 

Goose 


traces 

n 

Lard 


0-022-0-0.51 

It 

,, American 


0-006 


Human . 


0-073-0-084 

,, 

Beef tallow . 


0-033-0-073 

,, 

Mutton . 


0-01 

,, 

Butter .... 


0-000-0-014 

Glikin'* 

Bone Marrow, Horse 


1 -4.50 

,, ,, ^lan. 


2-4 CO 

,, 

„ ,, Young Pig 


28-42 (0 



It should, however, bo noted tluit it is not permissible, without 
further investigation, to calculate the phosphorus thus found to lecithin.^ 
Thus, in the case of linseed oil, a considerable amount of the pliosphorus 
is present as calcium or magnesium phosphate. 

In order to determine phosphorus in phosphorised oil (see Vol. VIII. 
Chap. XV.) 5-10 grins, of the sample arc dissolved in 100-2(X) c.c. of 
acetone ; by adding a 10 per cent silver citrate solution the phosphorus 
is precipitated as silver phosphide. The precipitate is then iiltered 
of[ and oxidised with nitric acid. The silver is precipitated with hydro- 
chloric acid, and the phosphoric acid determined in the filtrate by the 
well-known gravimetric methods.''’ 

Katz ® showed that this method is not exact and that the method 

1 Cp. K. Schulze, Zeits.f. physiol. Chew., 1907 (.02), 54 ; ilml., 1908, 981 ; Zeils. /. 
aiKjew. (Jhem., 1908, 1125 ; cp. .ilso Fahriou, ibid., 1909, 769 ; Marcussou and 
Uo.scher, Chem. Zeit., 1910, 418. ^ Cp. A. Man.’isse, Biochevi. Zeits., 1906, 246. 

^ Jiiocheiii. Zeits., 1907 (4), 23.5; cp. .also Ot.olski, ibid., 1907, 124. 

* For the determination of lecithin and lecithin lucparations cp. G. Fendlcr, Aputh. 
Zeit., 1905, No. 3 ; E. Schulze, Chem. Zc.it., 1908, 981 ; M. Morigi, Hull. Chiin. Fann., 
1909 (48), 763 ; W. Freseniua ami L. Griinhut, Zeits.f. amdyt. (hem., 1910, 90; 
P. Salzmann, A path. Zeit,, 1911 (26), 949; K. Virchow, Chem. Zeit., 1912, 906; 
J. D Riedel, Chem. Zentralbl., 1912, i. 1794 ; J. C. Schippers, Jiioclicm. Zeds., 1912 
(40), 189 ; P. Freumllcr, Bull. Hoc. Chim. de Fruuce, 1912 (11), 1041 ; R. Cohn, Zeit. 
f. Ofeiitl. Chem., 1913, 64. 

® Cp. Louise, Compt. rend., 1809 (129), 394 ; ,Iovm. Pluxrm. Chim. 10, 241. 
Friinkel, Pharm. Post., 1901 (34), 117. Arch. d. Pharm., 1904, 121. 
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proposed by Straub ^ (treatment of the phosphorised oil with an excess 
of a 5 per cent solution of copper sulphate, whereby a black copper 
phosphide is formed which is oxidised by persistent sliakin" with air, 
so that the phosphoric acid may be determined in the solution by means 
of molybdate, in the usual manner) suffers from several inconveniences. 
The method proposed by Katz ^ is the following : 10 grins, of pliosphor- 
ised oil are agitated in a separating funnel with 20 c.c. of a 5 per cent 
aciueous copper nitrate solution until a permanent black emulsion, 
due to the formation of a copper phosphide (of the formula Cu 2 P 2 )> 
is produced ; 50 c.c. of ether are then added, and 10 c.c. of hydrogen 
peroxide solution arc entered in small portions, until the black emulsion 
is completely decolourised. The aqueous layer is then run off, and the 
ethereal layer shaken out three times successively with 10 to 20 c.c. 
of water ; the united aqueous solutions are acidulated with a few 
drops of hydrochloric acid and evaporated down to 10 or 20 c.c. on 
the water-bath. If required, the acid liquid is filtered and sufficient 
ammonia is added to redissolve the precipitate first formed. The 
phosphoric acid is then precipitated in the usual manner with magnesia 
mixture. 

In case the hydrogen peroxide employed contains phosphoric acid 
(usually added to render it more stable), the amount of such phosphoric 
acid must be ascertained in a blank test. 

If the amount of oxidised phosphorus in a pho.sphorised oil be 
required, the oil must be first extracted witii water which has been 
saturated with carbon dioxide. The phosphorus is then determined 
both in the acpieous extract and in the phosphori.sed oil. 

Katz prepared a number of jihosphorised oils by ])lacing dried 
phosphorus with oil in a bottle containing an atmosphere of carbon 
dioxide, warming the contents slowly in a water-bath until the jihos- 
phorus had melted, and shaking the mixtures (in a shaking machine) 
for one to two hours. The amounts of dissolved phosphorus were 
determined by the above -described method with the following 
result : ^ — 


l’hoHph(»rised Oil 

riioapbonis. 

fruiii 

I'fi I'l'iit. 

LinsoiKl oil . 

M.'> 

Popj)y 8e<‘d oil 

MO 

Sesarn6 oil . 

106 

IlafKj oil 

M6 

Almond oil . 

M3 

Arachis oil . 

1-20 

Olive oil 

1085 

Castor oil . 

0-70 

Cod liver oil 

M3 

Arch. d. Phanu., 1903 ; cj 

>. also Zeits. f. anor;/. Vhem., 1903, 460. 


2 Jhid., 190t, 121 . 

* For a criticism of Katz’s inetliod cp. II. Euell, PImrm, Zeit.y 1905 (.50), 601. llio 
proce.ss proj)os(!rl by Enell has in its turn bfcn criticised by E. Ru[>p, ibid,^ 1906, 621 ; 
cp. further, P. ilohriHch, Ptairm. Zenlrulhl.y\^^\) (60), 19; O. Frey, Phana. Post^ 1910 
(December). 
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Estimation of Chlorine^ Bromine, Iodine 

Fats bleached by means of chlorine are apt to retain small quantities 
of the bleaching agent. . 

Benedikt and Zikes ^ determine small quantities of chlorine by 
allowing 25 grms. of the oil or liquefied fat to drop slowly from a separat- 
ing funnel into a combustion tube filled with lime. The estimation is 
then completed in the well-known manner employed in determining 
chlorine in organic substances. 

In the same manner bromine and iodine,^ which occur legitimately 
in brominated and iodised fats, may be determined (cp. Vol. III. 
Chap. XV.). For the determination of bromine in ether-insoluble 
bromides see Chap. VIII. Tolman ^ uses Pringshewi’s method (see 
below) of oxidising with sodium peroxide in an iron crucible or in the 
bomb of a calorimeter. Any bromate formed is reduced by a con- 
centrated solution of sodium sulphite. The bromide is then precipitated, 
after acidification with sulphuric acid, with silver nitrate. In order 
to prevent precipitation of silver sulphate the solution is made strongly 
acid with nitric acid. 

For a rapid method of detecting the presence of halogens, phosphorus, 
arsenic, and sulphur in organic compounds by means of sodium peroxide, 
see l^ringsheim, Berichtc, 1004, 2155 ; cp. also Jonrn. Amer. Chem. Soc., 
1904 (31), 386. 

’ Joiii'n, Soc. Chem. Inti., 1891, 981. Cp. Chem. Jievue, 1904, 280. 

^ Jvurn. hul. and Kn(j. (’hem., 1909, 341. 



CHAPTER V 


PHYSICAL METHODS OF EXAMINING OILS, FATS, AND 
WAXES 


The examination of the physical properties of oils, fats, and waxes 
affords, in many cases, valuable information, and lends important 
aid in the identification of samples, as also in the detection of adultera- 
tion. 

The specific gravities of the oils, fats, and waxes, and their melting 
and solidifying points, especially those of tlieir fatty acids, furnish, as 
a rule, the most valuable criteria. 

Thanks to the construction of handy apparatus, the determination 
of the refractive iialex has become one of the most frequently practised 
preliminary methods of examination for purity, and whenever the 
necessary apparatus is availal)le it should be em[)loyed, as this method 
combines in many cases rapidity of observation with certainty of result. 

Examination for the presence of optieallg active substances has 
hitherto been somewhat neglected ; by this means it is, however, 
possible to identify rapidly several fats (of a poisonous character) as 
also to detect some adulterants with certainty. 

Microscopic examination has recently come more to the fore, and 
promises to offer great assistance in the detection of mixed glycerides. 
Other optical methods, such na spectroscopic and colorimetric examination, 
may furnish valuable information in some cases. 

The behaviour of oils and fats with solvents often serves as a valuable 
confirmation of indications furnished by other tests. Considering the 
great similarity in the chemical composition of the individual oils and 
fats, it is indispensable to employ systematically a series of solvents 
(cp. Chap. XII.). 

In some cases, e.spccially in the examination of lubricating oils, the 
determination of the viscosity and the determination of the flash point 
will prove of assistance. 

A number of other physical properties and their determination will 
be referred to for the sake of completeness, although these determina- 
tions can hardly be carried out in an ordinary analytical laboratory. 

The physical prc»perties, and the methods of determining them, 
will be described under the following heads in the order of their import- 
ance from an analytical point of view, i.e. in the order of their utility 
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for the identification of individual oils and fats and the recognition of 
their purity 

1. Specific Gravity. 

2. Melting and Solidifying Points. 

3. Refractive Index. 

4. Rotatory Power. 

5. Microscopic Appearance (Micrograpliy). 

6. Spectroscopic Examination. 

7. Colorimetry. 

8. Viscosity. 

9. Solubility. 

10. Electrical Conductivity. 

11. Calorimetric Examination — Specific Heat. 


Other pliysical methods, such as the determination of diffusion 
coefficients, 1 capillary analysi.s,2 cryo.scopic determination,^ dilatability,^ 
are not described in detail here, as they do not furnish at present more 
decisive results than can be obtained by less complicated methods. 
Some other pliysical methods, such as the determination of cohesion 
figures,^ emulsifying powers, miscibility curves,^ etc., being entirely 
useless for practical purposes, are omitted. 


1. Speeifle Gravity 

The specific gravity of the li(|uid fats and waxes may be ascertained 
at the ordinary temfierature by the well-known methods ado])tod for 
any other liquid, viz. by means of a hydromctei’, picnometor, or the 
hydrostatic balance. 

It should hardly be necessary to emphasise here the importance 
of ascertaining the accuracy and delicacy of the hydrometer to be 
used. The readiest indications will be obtained by means of hydro- 
meters referring to the density of water, whilst the use of TwaddelVs 
hydrometer involves a calculation, simple though it be. 

On the Continent and in America various hydrometers, based on 
an arbitrary scale, are used in commerce and are still employed by 
custom-house officials. The.se hydrometers, gauged for a definite 
temperature, express the densities in ‘‘ degrees ” ; the true specific 
gravities s can be calculated by means of the subjoined table, n denoting 
the number of “ degrees.” It should, however, be pointed out that 
there are a number of different Baumc hydrometers in commerce (no 

» Zaloziccki, Che/ii. Rei\, 1897, 220, 229. 

Bracouuot hi 1815. Qoppelsroeder, Ca})illaranahfse, B;iUs 1901, and Anregung 
zum Sludium der Cajnllaranalgse, Biile, 190(5. Cp. also (Vian. Zeit,, 1909, 1333. 

^ Robertson, Jouvn. Chem. Roc.^ 1903, 1425. riiillKnet, Jitdl. Soc. Chi in. de France, 
1909, 425 (cp. Butter Fat, Vol. II. Chnii. XIV.). 

* Thdrner, Zeits. f. Chem. Apparatniktinde, 1908, 1(5.5. 

® C}). niyelin-fornis. A. Miillor, Allgemeine Chemie der Kolloide, 1907, p. 88. 

“ Cp. E. Louis, Compt. rend., 1909 (149), 284. 
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less than 36 different scales), so that due allowance must be made for 
deviations from the actual standard used by Baume. Baume’s starting- 
points were pure water and a 10 per cent salt solution which, according 
to Gerlach, has the specific gravity 1*07335 at 15° C. and 1*07311 at 
17*5° C. {Chandler gives 1*0737665 for the temperature 12*5° C.) 

145 

In the United States of America frequently the formula 

(at 60° F.) is used in place of the formula given in the following table : — 

5 = ^ for liquids heavier than water. 

140 

The American formula employed for liquids lighter than 

130 + n ^ ^ *10 

water leads to 1*0769 as the specific gravity of a 10 per cent salt 
solution. 

The tables given on the following pages should, therefore, be used 
with discretion. The table for “ liquids lighter than water ” given on 
page 303 is based on the American formula. 

It must, therefore, be understood that the true specific gravities 
calculated from the formul?o given in the table do not always coincide 
with those determined in a direct manner. 


— 




Hydrometer. 

Temperatur#. 

For Liquids heavier 
than Water. 

For Liquids llxhler 
than Water. 

Balling . 

17*6*0. 

200 

*’200~n 

200 

^“206 + n 

Baum4 1 . . 

12 *6* C. 

144 

144 

^144-n 

134 + n 

Baum4 II . 

16* C. 

144*3 

* 144 '3 -71 

144*3 

^^134*3 + n 

Baum^ III . 

17 -S* C. 

146*78 
146*78 - 7t 

146*78 

® 136*78 + 71 

Beck . . . 

12-6* C, 

_ J70_ 

* 170 -7t 

170 

^ 170 + r» 

Briz . 

/ 12*6* R. 
115*625*0. 

400 

* 400 -« 

400 

' 400 + 7t 

Cartier . 

12-5* 0. 

136*8 

* 126*1 -n 

136*8 

*“126*1 + 71 

Fiacher 

/ 12-6* R. 

1 16 *625" C. 

400 

*~400-n 

400 

■’“400 + » 

Gay-Lussac . 

4*C. 

100 
*= - - 
n 

_100 

n 

E. 0. Greiner 

/12-5*R. 

1 15*625* C. 

400 

400 - n 

400 

* 400 +"n 

Stoppaui 

/ 12 -6* R. 

1 16 '625*0. 

160 

'~166-n 

166 

1 6 6 + w 

f 


100 


Twaddell . 

... 



Hydrometers should only be employed where rapidity is of greater , 
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importance than accuracy. In such cases the following tables will be 
found useful : — 


Comparison of the Hydrometer Degrees^ awarding to Baume and 
T Waddell, ivith Specific Gravities 


Uaiiino. 

Twaddcll. 

Spf'cillc 

Omvity. 

Haumi. 

Twaddell. 

Specific 

Oravily. 

Daumd. 

Twaddell. 

Specific 

Gravity., 

0 

0 

i-ooo 

0-7 

10 

1-050 

13-6 

21 

1-105 

0-7 

1 

1 -005 

7-0 

10-2 

1 -052 

14-0 

21-6 

1-108 

1-0 

1-4 

1 - oo ? 

7-4 

11 

1-055 

14-2 

22 

1-110 

1-4 

2 

rolo 

8-0 

12 

1-060 

14-9 

23 

1-115 

2-0 

2-8 

1 - 01 4 

8-7 

13 

1 -065 

15-0 

23-2 

1-116 

2-1 

3 

1-015 

9-0 

13-4 

1 -067 

15-4 

24 

1-120 

2-7 

4 

1-020 

9-4 

14 

1 -070 

16-0 

25 

1-125 

3-0 

4-4 

1 -022 

10-0 

15 

1 -075 

16-5 

26 

1-130 

3-4 

5 

1 -025 

10-6 

1 () 

1-080 

17-0 

26-8 

1-134 

4-0 

5-8 

1-029 

11-0 

16-6 

1 '083 

17-1 

27 

1-135 

4-1 

6 

1-030 

11-2 

17 

1 -085 

17-7 

28 

1-140 

4-7 

7 

1-035 

11-9 

18 

1-090 

18-0 

28-4 

1-142 

n-o 

/•4 

1-037 

12-0 

18-2 

1-091 

18-3 

29 

1-145 

5-4 

8 

1-040 

12-4 

19 

1 -095 

18-8 

30 

1-150 

0-0 

9 

1-045 

13-0 

1 

20 

1-100 

19-0 

30-4 

1-152 


[Table 
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cuAr. 


Com/parison of the Hydrometer Degrees, according to Baume and 
T Waddell, with Specific Gravities — continued 


Biiiinic. 

Twaddoll. 

.Sj)oeilic 

Gravity. 

Itauiiio. 

Twaddell. 

Hptic'ilic 

Gravity. 

Bautne. 

Twiuidcll . 

Specitlc 

(iiavity. 

19-3 

31 

1*155 

37-8 

71 

1*3.55 

51-5 

Ill 

1 -.555 

19-8 

32 

1*160 

38-0 

71*4 

1*357 

51*8 

112 

1-560 

20-0 

32*4 

1*162 

38-2 

72 

1*360 

52*0 

112*6 

1*563 

20-3 

33 

1*165 

38*6 

73 

1*365 

52*1 

113 

1*565 

20-9 

34 

1*170 

39*0 

74 

1*370 

52*4 

114 

1*570 

21 '0 

34*2 

1*171 

39*4 

75 

1*375 

.52*7 

115 

1*575 

21*4 

35 

1*175 

39*8 

76 

1*380 

53*0 

116 

1*580 

22-0 

36 

1*180 

40*0 

76*6 

1*383 

53*3 

117 

1 -585 

22-5 

37 

1*185 

40*1 

77 

1*385 

53*6 

118 

1-.590 

23-0 

38 

1*190 

40*5 

78 

1*390 

53*9 

119 

1-595 

23*5 

39 

1*195 

40*8 

79 

1 *395 

54*0 

119*4 

1-597 

24*0 

40 

1*200 

41*0 

79*4 

1-397 

54-1 

120 

1*600 

24*5 

41 

1*205 

41*2 

80 

1*400 

54*4 

121 

1 -605 

25*0 

4*2 

1*210 

41*6 

81 

1 -405 

54*7 

122 

1-610 

25*5 

43 

1*215 

42*0 

82 

1*410 

55-0 

123 

1-615 

26*0 

44 

1*220 

42*3 

83 

1-415 

55*2 

124 

1-620 

26*4 

45 

1 *225 

42*7 

84 

1*420 

: .55-5 

125 

1 -625 

2()-9 

46 

1 *230 

43*0 

84*8 

1*424 

i 55*8 

126 

1 -630 

27*0 

46*2 

1*231 

43*1 

85 

1 *425 

56*0 

127 

1 -635 

27*4 

47 

1*235 

43*4 

86 

1*430 

56-3 

128 

1-640 

27*9 

48 

1*240 

43-8 

87 

1*435 

56-6 

129 

1-645 

28*0 

48*2 

1 *21 1 

44-0 

87*6 

1*438 

56-9 

130 

1-650 

28*4 

49 

1*215 

44*1 

88 

1 *440 

i 57-0 

130*1 

1 -6.52 

28*8 

50 ' 

1 *250 

44*4 

89 

1*415 

57-1 

131 

1 -6.55 

29*0 

50*4 

1 *252 

44*8 

90 

1*450 

57-4 

132 

1-660 

29*3 

51 1 

1*255 

45*0 

90*6 

1 -453 

.57-7 

133 

1-665 

29*7 

52 

1*260 

45*1 

91 

1 -4.55 

57*9 

134 

1-670 

30*0 

62-6 

1 *263 

45-4 

92 

1-460 

58*0 

134-2 

1-671 

30*2 

53 

1-265 

45-8 

93 

1*465 

58*2 

135 

1 -675 

30*6 

54 

1-270 

46-0 

93*6 

1*468 

58*4 

136 

1-680 

31*0 

54*8 

1-274 

46*1 

94 

1*470 

58-7 

137 

1*685 

31*1 

55 

1*275 

46*4 

95 

1*475 

58-9 

138 

1*690 

31*5 

56 

1 -280 

46*8 

96 

1*480 

.59*0 

138*2 

1-691 

32 0 

57 

1-285 

47*0 

96*6 

1*483 

59-2 

139 

1-695 

32-4 

68 

1-290 

47*1 

97 

1*485 

59*5 

140 

1-700 

32*8 

59 

1*295 

47*4 

98 

1*490 

.59*7 

141 

1-705 

33*0 

59-4 

1*297 

47*8 

99 

1-495 

60*0 

142 

1-710 

33*3 

60 

1*300 

48*0 

99*6 

1*498 

60*2 

143 

1-715 

33*7 

61 

1*305 

48*1 

100 

1*500 

60*4 

144 

1-720 

34*0 

61*6 

1*308 

48*4 

101 

1 -505 

60-6 

145 

1-725 

34-2 

62 

1*310 

48*7 

102 

1*510 

60-9 

146 

1-730 

34*6 

63 

1-316 

49*0 

103 

1*515 

61*0 

116-4 

1*732 

35*0 

64 

1 -320 

49*4 

104 

1 -520 

61*1 

147 

1-735 

35*4 

65 

1 *325 

49-7 

105 

1*.525 ' 

61*4 

148 

1-740 

35*8 

66 

1*330 

50-0 

106 

1 -530 

61-6 

149 

1*715 

36*0 

66*4 

1 -332 

.50*3 

107 

1 -.535 

61*8 

150 

1-750 

36*2 

67 

1 -335 

.50*6 

108 

1*540 

62-0 

1.50-6 

1 *753 

36-6 

68 

1-340 

50-9 

109 

1 -545 

62-1 

151 

1 -7.55 

37*0 

69 

1*346 

51 *0 

100-2 

1 -546 

62-3 

1.52 

1-760 

87*4 

70 

1*350 

51*2 

110 

1*550 

62-5 

153 

1*765 
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Comparison of the Hydrometer Degrees, according to Baume and 
Twaddcll, ivith Specific Gravities — coyitinued 



Twuddell. 

SpecIHt 

Oravity. 

Bauni6. 

Twaddell. 

Specific 

Gravity. 

Baume. 

Twaddell. 

Specific 

Gravity. 

G2'8 

154 

1 770 

65-0 

164 

1-820 

67*0 

173 

1-865 

63-0 

1.55 

1 775 

65-2 

165 

1 -825 


63*2 

156 

1780 

65-5 

166 

1-830 




63 -.f. 

157 

1785 

657 

167 

1-835 




637 

158 

1790 

65-9 

168 

1-840 




64-0 

1.59 

1 795 

66-0 

168-4 

1-842 




64-2 

160 

1-800 

66-1 

169 

1-845 




64-4 

161 

1 -805 

1 66-3 

170 

1-8.50 




64 '6 

162 

1-810 

' 66-5 

171 

1 -855 




64-8 

163 

1-815 

i 66-7 

172 

1-860 

1 


1 



Degrees Baumef for Liquids iig/iler than Water at 15-5'^ C. = 60'’ F. 


II 

Specific 

Gravity. 

II 

h 

Specific 

Gravity. 

If 



Specific 
Gravity. | 

Degrees 

Baume. 

Specific 

Gravity. 

10 

1-0000 

24 

0-9090 

38 

0-8293 

51 

0-7734 

64 

07216 

11 

0-9929 

25 

0-9032 

39 

0-8-281 

52 

0-7692 

65 

0-7179 

12 

0-9859 

26 

0-8974 

40 

0-8-235 

53 

0-76,50 

■66 

07142 

13 

0-9790 

27 

0-8917 

41 

0-8187 

54 

0-7608 

67 

07106 

14 

0-9722 

28 

0-8860 

42 

0-8139 

55 

0-7.567 

68 

0-7070 

15 

0-9655 

29 

0-8805 

43 

0-8092 

56 

0-7526 

69 

0-7035 

16 

0-9589 

30 

0-87.50 

44 

0-8015 

57 

0-7486 

70 

07000 

17 

0-9523 

31 

0-8695 

45 

0-8000 

58 

07446 

75 

0-6829 

18 

0-9459 

32 

0-8641 

46 

0-7954 

59 

07407 

80 

0-6666 

19 

0-9395 

33 

0-8588 

47 

0-7909 

60 

07368 

85 

0-6511 

20 

0-9333 

34 

0-8536 

48 

07865 

61 

07326 

90 

0-6363 

21 

0-9271 

35 

0-8184 

49 

07821 

62 

0-7290 

95 

0-6222 

22 

0-9210 

36 

0-8433 

50 

0-7777 

63 

0-7253 

100 

0-6087 

23 

0-9150 

37 

0-8383 








Tlic specific gravity is usually deteriuined by means of a picnometer 
of one kind or another. Of these the ordinary specific gravity bottle, 
consisting of a ])lain flask with a stopper having a capillary perforation, 
will be found useful for commercial work ; with care, even the fourth 
decimal can be determined accurately. 

A high degree of accuracy is obtained with SprengeVs picnometer 
(Fig. 8). This is a U-tube made of thin glass, ending in two capillary 
tubes a and b bent at right angles and ground at their ends, so as to fit 
into two glass caps (the latter are not sliown in the figure). The inner 
diameter of tube h, bearing the mark m, is about ()-5 mm., whilst that 
of tube a is less, and should not exceed 0*25 mm. This point should 
be noted, as this essential feature of the Sprengel tube is lost sight of 
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by some makers. The tube is filled by connecting a ^/ith a glass bulb, 
and aspirating the air with the aid of india-rubber tubing, whilst b is 
immersed in the oil under examination. If 
the glass bulb be chosen sufficiently large, the 
Sprengel tube will be filled automatically on 
closing the india-rubber tubing with the fingers. 
As soon as the oil enters the bulb, the Sprengel 
tube is detached from it, and the picnometer 
allowed to assume the desired temperature (see 
below). The liquid expands or contracts in the 
tube b onh/, i.e. in the direction of the least 
resistance, whilst the capillary tube a always 
remains full. If the meniscus of the liquid is 
found to be beyond the mark m, a little oil 
can be abstracted by means of a roll of filter- 
paper applied to the end o( a ; if, however, the 
tube contains too little, a may be touched with 
a glass rod which has been dipped into the oil, 
when some oil is drawn in, the li(|uid moving 
forward in the tube b. In this manner the 
volume can be adjusted easily. P'inally, the 
two glass caps are put on the tubes a and b ; the picnometer is then 
ready for weighing. 

If the weights found be reduced to weights in vacuo, the specific 



Kig. !>. 


gravity will be correct to the fourth decimal, the error only affecting 
the fifth decimal. So high a degree of accuracy is but rarely require^ ; 
in the commercial examination of glycerin, however (cp. Vol. Ill, 
Chap. XV.), the Sprengel tube is frequently employed. 
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Mohr's (hydrostatic) balance is not so accurate, but still quite 
satisfactory for ordinary purposes, and is largely nsed on account of 
its convenience. One form of this instrument is shown in Fig. 0, which 
requires no further explanation.^ The plummet, it may be added, 
displaces exactly 10 c.c., and therefore the weights put on the lever to 
restore equilibrium give exactly the weight of 10 c.c. of the substance. 
Thus all calculation is .avoided, the specific gravity being read direct 
from the weights used. 

For the determination of the specific gravity of viscous oils ^ (such 
as boiled oils) at the ordinary temperature, the picnometcr described 
by Briihl (Fig. 10) is useful. A pipette containing the viscous substance 
is inserted air-tight in the flask by means of an india- 
rubber tube, and the flask is exhausted by connecting 
the side tube with a filter pump.® 

In specific gi'avity determinations, care must be 
taken that the temperature throughout the entire 
mass of the oil bo the same. It will be found best, 
after having brought the oil to the standard tem- 
perature, to keep it for some time — ten minutes at 
least — in a sufliciently large water-bath having the 
same temperature. The temperature should be 
observed by means of an accurate thermometer. 

The standard temperature in this country is 00^ F. - 
15-5‘^ C. 

The weight of the oil should be compared with that of an equal 
volume of water taken at the same temperature. It is customary 
to consider the weight of that volume of water at 15-5° C. as unity. 
In exact work the weight should be reduced to that in vacuo and referred 
to water at 4^^ C. (cp. Vol. III. Chap. XV. Glycerin Manufacture ”). 

If the quantity of the sample is too small to fill a picnometcr, the 
specific gravity may be deduced from that of a dilute alcohol, in which 
a drop of the oil will just float (cp. p. 308). 

E. Belhner * suggests the following modus operandi : — Place a drop 
of oil in 2 c.c. of 08-91) per cent alcohol, and add carefully, drop by drop, 
distilled water from a burette until the drop of oil just commences to 
float in the dilute alcohol. 

In the following table, due to Bellmer, the specific gravity can be 
found from the amount of water added, provided that the “ titration ” 
is being carried out at 15"^ C. 

^ Cp. Tliilnier, Jonrn. jSoc. Chem. Ind., 1895, 44 (Illustration). 

With regard to the determination of the speeilii; gravity of viscous petroleum oils 
cp. J. M‘Connell Sanders, Proceed, ('hem. aS’oc., 1911, 250. 

^ For a inoditication of this apparatus cp. L. v. Kreybig, Chem. Xcit., 1911, 1120. 

■» Chem. Xcit., 1911, 997. 
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Water. 

Specific 

1 Water. 

Specific 

Water. 

Specific 

Water. 

Specific 

e.e. 

Gravity. 

1 t-.c. 

Gravity. 

c.c. 

Gravity. 

c.c. 

Gravity. 

01 

0-8178 

; 1-1 

0-9050 

2-1 

0-9370 

3-1 

0-9537 

0-2 

0-8331 

1-2 

0-9091 

2-2 

0-9397 

3-2 

0-9548 

0-3 

0-84GO 

1-3 

0-9133 

2-3 

0-9417 

3-3 

0-9558 

0-4 

0-8503 

1-4 

0-9173 

2-4 

0-9430 

3-4 

0-95G8 

0-5 1 

0-8078 

1-5 

0-9209 

2-5 

0-9453 

3-5 

0-9577 

0-6 ! 

0-8739 

1-0 

0-9243 

20 

0-9409 

.3-0 

0-9587 

0-7 

0-8812 

1-7 

0-9273 

2-7 

0-9485 

3-7 

0-9595 

0-8 1 

0-8880 

1-8 

0-9301 

2-8 

0-9499 

3-8 

0-9003 

0-!) 1 

0-8940 

1-9 

0-9329 

2-9 

0-9512 

3-9 

0-9010 

1-0 

0-8995 

2-0 

0-9353 

3-0 

0-9525 

4-0 

0-9017 


Obviously, tlie deteriniiiation of tlic specific gravity of fats and 
waxes which are semi-solid at the standard temperature, leads to 
complications and difficulties (see below), which are avoided by adopting 
as the standard a temperature at which the substances arc fluid. Bell, 
as also Muter, somewhat arbitrarily proposed the temperature of 100° F. 
= 37*75° C., whilst others prefer tlie temperature of boiling water. 

For correct determinations at elevated temperatures it is best to 
use a Spreugel tube. The tube is immersed in boiling water in such 
a manner that only the ends of the capillary tubes protrude. After 
about twenty minutes’ boiling the glass caps are jflaced on the tubes,’ 
the Bprengel tube is removed from the water-bath, wiped dry, and 
weighed after cooling. The weight of the fat may be referred to the 
weight of water at the boiling point, or, as is done by most observers, 
to the weight of water at 15*5° C. The unity chosen must, of course, 
be distinctly stated. For scientific purposes water at 1° C. should be 
taken as unity. 

The employment of the hydrostatic balance at higher temperatures 
necessitates the use of a somewhat complicated arrangement. The 
balance recommended by Bell is shown (partly in section) in Fig. 9. 
It is designed for the temperature of 100° F. D is a glass tube containing 
the sample of fat ; C is filled with paraffin wax, and is surrounded by 
the water-jacket H, 

In cases where, for some special reason, neither the temperature 
of 15-5° C. nor 100° C. can be employed, a correction must be made, 
which depends on the coefficient of expansion of the particular oil 
under examination. Allen ^ determined the rate of expansion of a 
number of oils and fats, by taking their densities at 98° C. and 15*5° C., 
and dividing the difference of these densities by the difference of the 
temperatures. Thus he obtained the correction to be made for a 
variation of 1° C. Although this method is not scientifically correct, 
inasmuch as it rests on the assumption that the rate of expansion does 
not vary between 15*5° C. and 98° C. [the mean coefficient of exjmnsion 
differs from the true one as the quotient of differences from the differ- 
ential quotient], the values obtained by Allen will satisfy practical 
requirements. The correction for 1° C. was found to vary for seventeen 


* Commercud Organic Analysis, ii. 19. 
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kinds of fat between the limits 0*000616 and 0*000665. Only whale oil 
(two samples of which had been examined many years ago wh'en 
commercial whale oil was a much more impure article than it is at 
present) showed apparently an abnormal rate of expansion, the correc- 
tions given by A. H, Allen and 0. M. Welherill being respectively 
0*000697 and 0*000722. These values, therefore, require verification 
with such specimens as are at present readily obtainable in commerce. 
Allen proposed to take as the mean correction for one degree Celsius 
0*00064 (or for one degree Fahrenheit 0*00035). If the density of 
an oil be 0*9207 at 22° C., its density at 15*5° C. is as follows : — The 
difference of the temperatures is 22-15*5 = 6*5; hence the correction 
6*5 X 0-00064 = 0*00416. This added to 0*9207 gives 0*92486 as the 
specific gravity at 15-5° C.^ 

The coefficient of expansion of an oil may also be found by the 
“ picnometric method ” by dividing the correction for one degree of 
temperature by the specific gravity of the oil at the lower temperature. 
It should, however, be borne in mind that the volume of the picnometer 
varies with the temperature, and that it is therefore necessary to make 
a correction for the expansion of the glass. 


For the determination of the specific gravity of solid fats and 
waxes, it is convenient to use a temperature at which they are liquid, 

^ C. H. Wriglit {Journ. Soc. CJiem. Jnd., 1907, 26, 513-51.')) calculuteil the numerical 
value of the approximate modiilus of expansion, m, for the teniper.ature correction applic- 
able to the speoitic gravities of all oils, fats, and w.axes, from the data deterjnined by Allen. 
If S(„ S,, and S,- represent the specific gravities (water at 1.5*5'’ C. = 1) of the same oil or 
fat at 0", V‘, and C. respectively, then we h.ave : S( = S(,(1 -vd), and St=:S„(1 -wT). 

On dividing the first equation by the second we obtain ^ — The mean value for 

S,. 1 - lllr 

m in the c.ase of the thirty oils, fats, and waxes examined by Allen is 0’000718. Hence 
S,/St = 1 - 0*000718^/1 - 0'000718T ; and for < = 15*5'’ 0. 


S15’5 = Sx 


0*9888n_ 

1-0000718 


The following table shows the value of this factor for each degree from 10“ to 25“ C., 
hence the specific gravity determined at a temperature other than 15'5“ C. may be 
rapidly corrected to 15*5’ C. : — 


At'C. 

Factor. 

Af C. 

Factor. 

10 

1 

1 *00339 

18 

1 00177 

11 

1 

UHWiS 

19 

1*00*248 

1*2 

1*00215 

20 

1*00319 

13 

1 

1*00177 

21 

1*00391 

14 

1 

1*00109 

2*2 

1*00462 

16 

1 

1*00035 

23 

1*00584 

1<) 

1*00035 

24 

1*00005 

17 

1*00100 

26 

1*00677 
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e.g. 100° C. GintVs ^ picnometcr, shown in Fig. 11, may be used for 
determinations at the ordinary temperature. It consists of a small 
cylindrical, flat-bottomed 
vessel, /, made of very thin 
glass and provided with a 
ground - glass cover. The 
vessel fits into the frame a 
(Fig. 12), the screw h serving 
to ])rcss the glass cover tightly 
on the cylinder. The vessel 
is weighed first empty and 
then filled with water at the 
standard temperature. After 
emptying the water and drying 
carefully, I is completely filled 
with the melted fat, and 
allowed to cool to the standard 
temperature. The glass cover 
is then carefully placed on /, 
so as to scjuecze out the surjilus 
fat, and is secured in its 
position by means of the screw. The. fat on the outside is carefully 
removed with the aid of ether and the vessel weighed again. 

Another method, proposed originally by Fresenius (Did Schulze, will 
be found useful in the case of waxes. It is best cm]doyed in the form 
given it by C/uiftaweDj (Did Allen r The wax is melted on a watch-glass 
placed on boiling water, and small pieces arc cut from the sponUineonsly 
cooled rnass.^ They are brushed over with a wet brush in order to 
remove adlierent air-bubbles, and carefully placed in dilute alcohol by 
means of a pair of forceps. It is convenient to keep a set of standard 
mixtures of alcohol and water having specific gravities of 0-960, 0-961, 
0-962, and so on up to 0-970 at 15-5° C. That lupiid in which the wax 
globules will just float has the same specific gravity as the sample. 

A somewhat complicated apparatus for the determination of the 
densities of soft fats was proposed by ZawalkiewiczA 

Instead of determining the specific gravity by weighing a definite 
volume according to the equation (where d denotes the density, 
m the weight, and v the volume), Zaloziecki proposed to measure 
the volume of the fatty acids derived from a known weight of fat. 
Evidently this is no new constant, as from the formula just given, it 
follows that and no further information is gained than that 

afforded by tlie determination of the specific gravity of the fat. The 
volume of the fatty acids is referred to the weight of fat, and it becomes 

^ hirujl. Vohjt. Jmrn., 1869 (194), 42. 

Commtrcinl Organic Analysis, 1880, ii. 184. Cp. also A. Lissner, Chem. Zeit,, 
1910, 6.57. 

® Tlie German Pharmacopo ia directs to form spheres of the waxes, t'p, E. llieliter, 
Apotheker Zeit., 1911 (26), 187 ; G. Fromme, ibid., p. 40*2. 

■* Jmrn. Chem. Jnd., 1894, 839. ^ Chew. Revue, 1897, 119. 
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therefore simply a question whether the method proposed by Zaloziecki 
is more expeditious than the weighing of the original fat in a picnometer. 
There can be no doubt that Zaloziecki' s method is more cumbersome. 
For this reason, and for the more cogent one that a serious error is 
introduced by the solubility of the volatile fatty acids, this method 
cannot be recommended. 

Although the specific gravity of the individual oils, fats, and waxes 
furnishes an important and characteristic number, which frequently 
serves as an additional means of identification, or as a verification of 
results arrived at by other methods, the specific gravity numbers in 
themselves afford very little discriminating data for purposes of classi- 
fication, and the importance that was ascribed to the specific gravity 
numbers in earlier works was much overrated. This may be exemplified 
by the extensive use of oleometers ” purporting not only to dis- 
criminate between different oils, but even to aid in the detection of 
adulteration. To show that the specific gravity number alone is of 
limited value as a sorting test, I append the following table, in which 
the specific gravities of some of the most im])ortant oils, fats, and waxes 
are placed opposite the classes adopted in this treatise : — 


[Table 
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Specific Gi'avities of the most important OilSf 



0-876-0-8S3 

0-900-0-010 

0’913-0-01G 

n-!tl()-0-920 

Fatty Oils : — 

■ V egeUibk oils — 

Drying oils . 





Semi-drying oils . 



Rape oil 
group 


Non-drying oils . 

Animal oils — 

Marino animal oils — 
Fish oils . 




Almond 

oil, 

Arachis 
oil, Olivo 
oil 

Liver oils . 





Blubber oils 





Terrestrial animal oils 

Solid Fats : — 

Vegetable fats . 



Egg oil, 
Neat’s 
Sheep’s 
Horses’ 

foot oil 
foot oil 
foot oil 

Animal fats — 

Semi-drying fats . 




Horse fat 

Non-drying fats . 



Bono fat 


Liquid Waxes . 

Solid Waxes : — 

Vegetable waxes 

Sperm oil, 
Arctic 
sperm oil 




Animal wares . 
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Fats, and Waxes, at 15 - 5 ° C. 


0"J20-01V25 

0 -1)25-0 'oar. If 

•!)35-0-04o|c 

•040-0-050 

0-050-0-060 1 

O-OGO-0-070 

0-970-0-000 

Hemp seed 
oil, 

Soya hean 
oil, 

Maize oil, 
(Jotton 
seed oil, 
Sesame 
oil, etc. 

Cinseed oil 

1 

Tung 

)il 

Castor oil, 
Croton oil 



Herriog oil 

Japan fish 
oil, Men- 
haden oil 







Cod li 

ver oil. 






Skate li 
e 

ver oil, 
tc. 






Whale oil 

Porpoise 







oil 






Palm oil 

Laurel oil 
Cocoa nut 


Nutmeg 

butter 

1 Cacao 

( butter 

Japan wax 
Myrt le wax 


oil. Palm 
kernel oil 

Lard 







Tal low 






Butter 







fat 




Carnaiiba 




1 



wax 






Beeswax, 
j Insect wa> 




— 

— 
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Although the liquid waxes on the one hand, and the solid waxes 
(including the wax-like fats) on the other hand, may readily be recog- 
nised by their specific gravities, much overlapping will be noticed. 
Some oils and fats fall within more than one subdivision, and the 
most heterogeneous fats, as regards chemical composition and other 
properties, range themselves in one and the same vertical column. 
A complete list of specific gravities will be found in Vol. II. Chap. XIV., 
under the heading of each individual oil, fat, and w^ax. A complete 
enumeration of the specific gravities, furnishing a rapid survey of 
individual oils, fats, and waxes, is contained in Table 24 of my 
“ Lahoratoru Com'panion'' 

The iodine value being the basis of the classification adopted 
throughout this treatise, it may be interesting to in(][uire whether 
any definite connection can be traced between the iodine value and 
the specific gravity. As a high iodine value indicates a high proportion 
of unsatiirated glycerides, and the greater the unsaturation of the fatty 
acids, the higher their specific gravity, some parallelism may be expected. 
Speakiug broadly, such may indeed be traced through the three main 
classes of oils, viz. the drying, semi-drying, and non-drying oils. Due 
regard must, liow^ever, be paid to the cliemical constitution of the fatty 
acids ; thus castor oil deviates entirely from the rough approximation 
to the general rule to which the several cla.svscs just mentioned seem to 
conform. Nor can a definite rule be expected to hold good, as differ- 
ences of climatic conditions, race, etc., produce a dilTercnce in the 
specific gravity, as well as in the iodine value. Wijs endeavoured to 
trace a correspondence between the specific gravity and the iodine value 
in the case of linseed oil, sesame oil, and arachis oil. Whereas in these 
cases high specific gravities appear to correspond to high iodine values, 
the rule seems to break down in the case of cotton seed oil. More 
information on this subject will be found under each individual oil in 
Vol. II. Chap. XIV. 

The influence which glycerides of soluble fatty acids have on the 
specific gravities of some solid fats is shown more particularly by the 
following two tables. It will be seen that glycerides of soluble acids 
increase the specific gravity. 


A. Fats, free from Glyeerides of Soluhlc rulatile Fatly Acids 


Class of Fat. 

Kii..l of Fiit. 

Sporinc 0 ra vitios at 100’ C. 
(WuUt at l.V C. = l.) 

Vegetable Fats .... 

Cacao butter 

Palm oil 

Japan wa.\ 

0-8r)7 

0-857 

0-8755 

Animal Fats . 

Lard 

0-861 


Tallow (beefand mutton) 

0-860 


Horse fat 

0-801 


Oleomargarine 

0-869 
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B. Fats, containing Glycerides of Soluble Volatile Fatty Acids 


Clans of Fftt. 

Kind of Fat. 

Specific Gravities atlOO* C. 
(Water at 15“ 0. = 1.) 

Vegetable fats .... 

Cocoa nut oil 

Palm nut oil 

0-8736 

0-8731 

Animal fats .... 

Butter fat 

0-865-0-868 


The presence of free fatty acids in oils and fats naturally influences 
the specific gravity number to some extent. Inasmuch as the free 
fatty acids, on exposure to the atmosphere, undergo changes more 
rapidly than their glycerides, it frequently occurs that the specific 
gravities of oils and fats containing free fatty acids rise with the increase 
in the amount of free fatty acids. A definite relation, however, does 
not exist between the proportion of free fatty acids and the specific 
gravity, and the reverse occurs with et{ual frequency.^ This is shown 
by the numbers contained in the following table : — 


No. 

Kind of Oil. 

Kren 
Fatty 
Acids 
IVr cent. 

Sj.iecilic 
Gravity 
at 15 -5" C. 
(Water .-it 
15-5“ C. 
-1.) 

Observer. 

1 

Olivo oil, No. 2, freed from fatty .u-ids 

0-0 

0-9152 

Thomson and Ballantyne^ 

2 

Olive oil 

3-86 

0-9148 

n »> 

3 

Olive oil (edible) .... 

4-15 

0-9151 

)) 

4 

Olive oil 

5-19 

0-9168 


5 

Olive oil (Gioja) 

9-42 

0-91.56 


6 

Olivo oil (ftir dyeing) . 

9-67 1 

0-9154 


7 

Olive oil 

1 11-28 

0-9145 


8 

Olive oil . . . 

19-83 

0-9160 


9 

Olivo oil 

23-78 

0-9147 1 

” Kloin^ ” 

10 

Olive oil, from bagasse 

71-12 

0-9277 

11 

Sulphur olive oil, Italian . 

48-2 

0-9’ 97 

Lcwkowitscli'* 

12 

Sulphur olive oil, Italian . 

49-4 

0-9-201 

1) 

13 1 

Sulphur olive oil, Syrian . 

64 -2 

0-9193 

Tolman and Miinson-'^ 

14 

Olive oil, Californian 

12-11 

0-9149 


In order to remove the uncertainty attaching to the determination 
of the specific gravity of oils containing free fatty acids, Archhutt 
proposed to take the specific gravities of the liberated fatty acids. 
Most fatty acids being solid at the standard temperature, the deter- 
mination should be made at the boiling point of water, but the meagre 
information so obtained will hardly repay the trouble entailed (cp. 
Chap. VIII. and Vol. II. Chap. XIV.). 

' Cp. A. 0. Ratisoine, Jourti. Chan, hid., 1912, 672. 

Journ. »S()c. (Jfieni. hid., 1890, 589. * Ibid., 1898, 1055. 

■* Unpublished notes. 

® Journ. A mer. Chem. Soc., 1903, 957. The average specific gravity of Californian 
oils was found to l)e 0'9168. 
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The changes in specific gravity which are brought about by oxidation 
are indicated'in the following table due to Thomson and Ballantyne 
the oils were exj)osed to the action of direct sunlight in uncorked 
bottles, the contents being shaken up every morning for six months 



1 Joum. i^jc. Chem. Irul, 1891, 30. Cp. also Sherman and Falk, Journ. Amer. 
Chem. Soc.y 1903, 711. 
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2. Melting and Solidifying Points 

The several methods proposed hitherto for the determination of the 
melting points of fats, unfortunately lead to discordant results. Nor 
is this to be wondered at if we remember that natural oils and fats are 
not definite chemical substances, characterised by a definite melting 
point, but are mixtures of a number of glycerides. A further com- 
plication arises from the fact that even pure glycerides, such as tri- 
myristin, tripalmitin, and tristearin, present in their melting points 
irregularities such as are not shown, as a rule, by definite chemical 
substances. It has been explained above that even pure triglycerides 
have two melting points, and that the true melting point (the higher 
one) is only obtained with crystallised glycerides. The conflicting 
views as to the true explanation of the so-called double melting points 
have been detailed in Chap. I. p. 21. But whatever the correct ex- 
planation, it is obviously desirable that before determining the melting 
point of even a pure glyceride, endeavours should be directed to 
obtaining it in a crystalline condition. 

As stated above, Bomer termed the first melting point “ transition 
point.” The manner in which this “ transition point ” is determined 
in the case of a pure glyceride will be described in Chap. XII. 

In the case of commercial oils and fats it is, as a rule, impossible to 
obtain the crystalline form. Hence the specimens subjected to exam- 
ination do not melt sharply at a definite degree of temperature, but 
soften first, and only melt to a clear liquid after further heating. 

This is due to the fact that most natural oils and fats consist to the 
largest extent of mixed glycerides, the melting point of which must 
obviously lie below the melting point of mixtures of true tripalmitin, 
tristearin, and triolein. Such mixtures have been prepared and 
examined by R, Kremann and R. Schoulz ; the most important of 
their results are reproduced in the following tables : — 

Melting Points of Mixtures of Trivahnitin and Tristearin 


Trijiabnitin. 

Trisb'iirin. 

TemiK'rature. 

PtT cent. 

Per coiit. 

“C. 

00 

ICOO 

56-0 “ 

100 

900 

GO-4 

120 

88-0 

60-1 

260 

750 

58-0 

300 

09'4 

67-8 

39-8 

00-2 

56-0 

47-0 

530 

67-2 

500 

500 

56-2 

66-2 

43-8 

55-1 

08-8 

31-2 

54-5 

910 

8-4 

60-4 

1000 

00 

62-6 


» Monatsh. f. Chem., 1912 (33), 1063. 

8 It will be seen from p. 27 that the melting point of pure tnstearin is 71 C. The 
temperature given by R. Kreniann and R. Schoulz evidently refers to the “ transition 
point.” 
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Melting Points of Mixtures of Tristearin and Triolein 


Tristoarin. 

'I'l-iolftln. 

T(^in])oraturc. 

Por cvnt.. 

Pit coiit. 

“C. 

00 

100-0 

- 7-0 

4-8 

1)5-2 

+ 28-0 

14-7 

85-3 

44-0 

2:F3 i 

; 70-7 

50-7 

.‘H-2 

08-8 

50-0 

52-8 ! 

47-2 

04-3 

740 

25-4 

04-3 

100-0 i 

1 

0-0 

50-0 


Melting Points of Mixtures of Tripalmitin and Triolein 


Triialinitiii, 

Triolein. 

Tt'inperaturo. 

Per ct-iit. 

P<‘r c-i-iit. 

" C. 

0-0 

100-0 

- 7-0 

0-1 

1)3-9 

+ 25-0 

21-5 

78-5 

48-2 

20-1 

73-9 

50-0 

47-0 

.53-0 

50-9 

72-8 

27-2 ! 

00-9 

100-0 

1 

0-0 1 

1 

02-0 


Melting Points ok Mixtures of Tristearin, Trifalmitin, 
AND Triolein 

A. Tristearin and Tripalmitin in the Propmtions 0 / 9 : 1 


Trifltearin. 

Tripalmitin. 

Triolein. 

Teniperaturi!. 

Per cent. 

Per cent. 

Per <Tnt. 

”C. 

00-0 

10-0 

0-0 

00-4 

81-4 

9-0 

9-0 

01-9 

02-7 

7-0 i 

30-3 

04-4 

51-9 

5-8 1 

42-3 

04-2 

42-2 

4-7 

53-1 

02-7 


B. Tristearin and Tripahnitin in the Proportions 0 / 3 : 1 


Tritstearin. 

TrijMilmitin. 

Triolein. 

Temi)enitur(!. 

Per cent. 

Per cent. 

Per cent. 

"C. 

75-0 

25-0 

0-0 

68-0 

67-0 

22-3 

10-7 

57-0 

57-3 

191 

23-0 

57-7 

47-9 

10-0 

30-1 

56-4 

40-7 

13-0 

40-3 

68-6 

18-5 

0-1 

75-4 

50-7 

13-0 

4-5 

81-9 

47-0 

9-5 

3-1 

87-4 

44-2 
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C. Tristearin and Tripahnitin in the Proportions 0 / 1 : 1 


Tristeariii. 

TrijMilinitin. 

Triolciin. 

TemjM'rature. 

Per cent. 

Per cent. 

Pei- cent. 

“ C. 

600 

50-0 

0-0 

56-2 

45-4 

45-4 

9-2 

66-2 

4M 

411 

17-8 

.56-0 

:m-4 

.34-4 

:u-2 

54-4 

29-8 

29-8 

40-4 

52-0 

20-5 

2()-r> 

47-0 

52-0 

2 : 1-4 

2.3-4 

5 : 1-2 

50-0 

16-0 

15-0 

70-0 

44-7 

10-5 

10-5 

79-0 

42-8 

4-5 

4-5 

91 0 

.31-7 

0-0 

0-0 

100-0 

7-0 


D. Tristearin and Tripahnitin in the Proportions 1 : 3 


Tnsteai'in. 

Trii»alinitin. 

Triolein. 

'I'enijie nature. 

Per rent. 

Per (-(^nt. 

Per cent. 

C. 

25-0 

7.5-0 

0-0 


6-3 

18-9 

74-8 

.39-9 

4-0 

11-9 

84-1 

36-2 


For tables giving the melting points of mixtures of tripahnitin, tri- 
stearin, and triolein in other proportions, the original paper must be 
eon suited. 

The melting points of mixtures of a pure simple triglyceride and 
a pure mixed triglyceride arc given in the following table : — 


Melting Points of Mixtures of Tristearin and a-Palmito-ji-y-Distearin 
{Lint prick 



■ 

Mellinfl; I’oint of (ilyt-eridt 



Tristearin from 
Mutton Tallow, 

a-Palmito-^-y- 

Distenrin. 

(Ty.stallised 

Transition 


Melting Point of 
tlie isolated Fatty 
Aeids. 



from Solution. 

Point. 



100 


' (’. 

72-1 

"C. 

.54-8 

730 

69-4 

90 

10 

71-5 

54-2 

711 

68-6 

80 

20 

70-6 

.54-0 

70-2 

67-6 

70 

.30 

69-5 

53-5 

69-3 

67-3 

60 

40 

68-3 

530 

68-2 1 

66-6 

60 

50 

67*4 

52-8 

67-2 

66-0 

40 

60 

65-8 

52-5 

05-8 

05-4 

30 

70 

64-7 

620 

63-4 

64-8 

20 

80 

64-5 

51-8 

64-2 

64-0 

10 

90 

66-2 

51*6 

66 ’2 

63-4 

100 

67*8 

611 

67-7 

62-4 


There is also much uncertainty as to which of the two temperatures 
should be taken as the melting point, the one at which a fat commences 


' Inamj. Dissert., Munster, i/VV, 1912. 
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to liquefy, or the one at which it becomes perfectly transparent. Some 
experimenters identify the melting point with that temperature at 
which the fat undergoes a certain degree of softening, either sufficient 
to permit a plug of fat, contained in a glass tube (either a capillary tube 
or a tube of 5 to 7 mm. diameter) open at both ends, to be forced up 
by the hydrostatic pressure of water (Bouts), or sufficient to allow the 
fat to form a globule (Wimmel). A further difficulty is caused by the 
fact that some fats — lard, tallow — become transparent at a temperature 
which lies several degrees above that at which they liquefy completely. 
The reverse behaviour is shown by Japan wax. 

The want of a uniform method for the determination of the melting 
point is therefore much felt, and one that would command general 
acceptance is still a desideratum, as in the valuation of some commercial 
fats (such as chocolate fats) considerable importance attaches to the 
melting point. 

It should be borne in mind that fats do not exhibit their normal 
melting point shortly after being melted. It is only recovered after 
the lapse of a day or two ; therefore if a sample has been melted, it 
should be allowed to stand some time (at least over night) before its 
melting point is determined.^ 

On the Continent Pohrs method is largely employed. According to 
this method the temperature is ascertained at which the fat is just 
becoming liquid, although it may still retain solid particles. The 
globular bulb of a mercury thermometer is immersed in the melted 
fat and quickly removed, so that only a thin coating of fat adheres 
to it. After a day or two the thermometer is fixed, by means of a cork, 
in a long and wide test-tube, in such a manner that the bulb is still at 
a distance of about l\alf an inch from the bottom. The test-tube is 
then fastened in a clamp and gently warmed by the heat radiating from 
a heated sheet of iron or asbestos placed below it at a distance of about 
one inch. The temperature is allowed to rise only very gradually. 
At the moment when a drop of liquid fat is observed to form at the 
bottom of the bulb, the temperature is read off ; this is recorded as 
the melting point. 

Some of the inaccuracies which attach to this procedure were 
removed by Finkener, who coats glass rods of specified dimensions 
with the fat ; but even then it is impossible to obtain a homogeneous 
coating. 

More precision has been given to PohVs method by UhbeloJide,^ 
who provides the bulb of a thermometer with a metal casing in which 
a small open glass vessel (cap), having a hole at the bottoni, can be 
fitted tightly. The fat to be examined is pressed into the glass vessel, 
which is then slipped into the metal casing, so that the bulb of the 
thermometer is embedded in the fat. The thermometer is then placed 
in a long and wide test-tube, which is immersed in a water-bath. By 
slowly raising the temperature of the water-bath, the “ softening point,” 
i.e. the point at which the fat just commences to protrude through the 

^ Cp. Vol. II. Chap. XIV. “Cat;ao Butter.” 

“ Zeittf. f. angew. Chem., 1906, 1220. 
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hole in the bottom of the glass cap, as also the “ dropping point,” i.e. 
the degree of temperature at which the melted fat drops off, can be 
observed. Tlie author has found Ubhelohde’s contrivance useful in the 
examination of lubricating greases melting below 100° C. In the case 
of solid fats the same results were obtained as by T. Redwood's ^ slightly 
modified form of Fold's method : — minute quantity of the melted 
fat, nearly cooled to its solidifying point, is placed, by means of a thin 
glass rod, on clean mercury contained in a small dish and allowed to 
solidify. The dish may be placed in a beaker containing water, which 
is heated gradually. A thermometer is dipped in the mercury, and 
that temperature at which the fat spreads over the mercury is recorded 
as the melting point. This method can be recommended ; it is, how- 
ever, preferable to place a somewhat large quantity of the not previously 
melted fat on the surface of the mercury. 

Frequently the melting point is ascertained in capillary tubes 
closed at one end, such as are employed for determining the melting 
points of pure organic substances.^ The “ Society of Bavarian 
Analytical Chemists ” agreed upon the following modus opemndi : — 
Draw a column of fat, 1 to 2 cm. high, into a thin-walled capillary 
tube ; seal one end of the tube, and attach the latter to the stem of 


a thermometer in such ^ o 
a manner that the sub- ; I 

stance and the mercury I 

bulb are at the same J 
level. After an interval 
of about twenty- four i ! 

hours immerse the ther- 
mometer in glycerin con- i 

tained in a test-tube ^/ | ^ 

about an inch and a half 
^ j wide, and heat the li(i[uid 

E r* I perature at which the 

P ' : I thin cylinder of fat has 

\\ Ab become perfectly clear 
^ ^ A - A transparent is con- 

Hi -4 melting ® ^ 

An apparatus adapted for this 
^ method was designed by Olherg ; it is 

shown in Fig. 13. The vessel is filled 
j., with oil, and on heating at A circula- 

tion takes j)lace spontaneously without 
any stirring being rccpiircd^ in the direction C, 15, D. 

Tlic capillary tubes must not be chosen too narrow. Unless atten- 


* Aiuili/st, 1877, f)!. 

Cp. T. Tvr«r (uul A. Lew, Pham. Juiirn., 
Chein. Zdt., lyO.'i, 122,'i. 

“ Cp. also 'J'liielo, Ikrichte, 1907, 99ti. 


1899, July 29 ; cp. also Wegseheider, 
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tion be paid to this point, differences amounting to several degrees 
may be found between the results obtained by determining the melting 
point on mercury and in capillary tubes, the differences increasing as 
the diameter of the capillary decreases. The determination of the 
melting point of fats in capillary tubes must therefore be made with 
due caution. The uncertainty attaching to the determination of the 
melting point in capillary tubes led Bensemann ^ to fix upon two points, 
viz. the point of incipient fusion and the point of complete fusion. 
This method is still largely used on the Ooritinent. A drop of the 
melted fat is placed in a tube as shown in Fig. 14, a, and allowed to 

solidify in such a posi- 
tion that it forms a 
globule at A. The tube is 
then attached to a ther- 
mometer and immersed 
in water contained in a 
beaker. By gently 
warming the water over 
a very small flame a point 
is reached when the fat 
just begins to flow down 
the side of the tube. The 
teniperature at which 
this takes place is re- 
corded as the “ point of 
incipient fusion.” The 
drop of fat will then 
occupy the position 
.shown in h. By further 
application of heat, the 
drop becomes completely 
transparent ; the corre- 
.sponding temperature is 
tlie “ point of complete 
fusion.” The difference 
between these two 
poijits is about 3'^ to 
4HJ. 

A more convenient 
form of melting point 
tube, proposed by 
Bimer? is shown in Fig. 15. In the United States of America Wilei/s 
official method ^ is frequently used. 

Several chemists proposed an acoustical method for ascertaining 

^ Journ. Soc. Chem, hid., 1885, 534. 

^ Zeits.f. Unters, d. NahnjH- u. (Je^iumn., 1909 (xvii.), 363. 

“ Official and Provisional Methods of Analysii, Assoc, of Agricult. Cliemists, 1907, 
133; cp. also G. A, Menge, “A Study of Molting-Poiut Dcterniiuatioas,’’ Hygienic 
Laboratory, Bulletiu No. 170, Washington, 1910 ; 11. Steeubock, Jmrn. hid. and Kng. 
Chem., 1910 (2), 480. 
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the melting point of fats. The principle on which apparatus of this 
kind is based is the following : Two platinum wires connected to a 
battery and an electrical bell are immersed in the solid fat. On the 
latter becoming melted the circuit is closed, and the bell rings. The 
first apparatus of this kind was designed by Loewe, and was modified 
in some minor points by 
Jean. The essential part 
of Jean's apparatus con- 
sists of a U-tube, into 
which is poured a quantity 
of the melted fat, sufficient 
to fill the bend of the tube. 

Platinum wires are then 
introduced into the solidi- 
fied fat down each limb of 
the tube, and connected 
with a battery and an 
electric bell. Next a little 
mercury is poured into one 
of the limbs of the tube, 
which is placed in a water- 
bath. When the tat melts, 
the mercury falling through 
it, closes the circuit. 

Another apparatus of 
the same type has been 
designed by Christoynanos} 

It is shown in Fig. 16. 

The acoustical methods 
entail too much trouble for 
commercial work ; in view 
of the small amount of in- 
formation that is gained, 
even from a correct melting 
point, they must be con- 
sidered an over-elaboration of a method which should only be resorted 
to in exceptional cases. 

Le Sueur and Crossky ^ proposed to determine the melting point in 
the following manner: Place in a thin- walled tube, about 75 mm. 
long and 7 mm. wide, a fine capillary tube, open at both ends, and 
protruding over the thin-walled tube. The diameter of the capillary 
should not exceed f mm. A small portion of the fat under examination 
is then introduced into the thin-walled tube, so as to cover the lower 
part of the capillary. The whole is then attached to the stem of a 

1 Journ. Soc. Chem. Ind.^ 1890, 894 ) <^. *lflo Limbourg, Bull. Soc. Chim. Belgique, 
1908, 117 ; L. v. Liebermanii, Zeits. f. UrUers, Nahrgs- u. Oenusm., 1911, xxii. 
294. 

® Joum. Soc. Chem. Ind., 1898, 988. 

VOL. I 
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thermometer (by means of india-rubber bands) and placed in a beaker 
containing the heating fluid. The temperature at which the liquid is 
seen to rise in the capillary tube is noted as the melting point of the 
fat. Whereas this method gives accurate results in the case of pure 
chemical substances, it did not give in my laboratory reliable results 
with fats. Two defects are inherent to this method. The one is the 
tendency to give too low a melting point in the case of fats containing 
glycerides of lower fatty acids (such as butter fat and cocoa nut oil) 
owing to a portion of the fat having liquefied and risen in the capillary 
tube, whilst the remainder had not yet melted. The second error is 
due to the viscosity of fats ; this plays an important part in such cases 
as tallow, wool fat, and chocolate fats ; hence the melting points are 
found too high. 

The following table reproduces some results obtained in my 
laboratory by various methods : — 


Camparative Detennimtions of Melting Points of some Faitij SuhstiDuxs 
(Lewkowitsch) 


Fat. 

Lo Sueur and Crossley's Method. 

Ordinary 
Capillary- 
tube Method. 

IIydro.static 

rrf.sHine 

Method. 

Mareury 

MoLhOfl. 

Softens in 
Outer 
Tube at 

Clear in 
Otiter 
Tube at 

Risea in 
Capillar}’ 
Tul)e at 


•c. 

•c. 

‘ 0 . 

'C. 

" C . 


Wool fat . 

... 

... 

4.0 •() 

3r )‘ 7 - 39‘2 

32-4 





45‘6 

36 ‘ 5 - 39-2 






45*6 





32 

40 

45 '7 

37 - 1-39 8 

30 - 2 - 31-8 





45-4 

37 - 4 - 39-8 






45-7 




Butter fat 


36 

25 ‘ 7 - 25 -8 

32 - 0 - 33-4 






25 - 7 - 25 -8 

32 - 0 - 33-45 



Cocoa nut oil . 


26 

22*8 

24 - 8 - 25-2 






23-2 

24 - 8 - 25-2 



Stearolactone . 


39-1 

34-8 

37 - 0 - 37-7 



Tallow 



45-4 

41 - 1 - 45-0 



Oleomargarine . 




25-5 


uncertain’ 

“Chocolate fat”--I. 



34-4 

28 - 3 - 28-9 


31 

“Chocolate fat” — II. 


... 

35*6 

28 - 3 - 28-9 



“Chocolate fat”— III. 




25 


26-6 

“Chocolate fat” — IV. 




32 

35 

35-37 

“Chocolate fat”— 

1 ■■■ 

1 



86-1 

36 

34-36 


It will be seen from the preceding remarks that the exact determina- 
tion of the melting point of a fat is attended with difficulties ; moreover, 
the drawback attaches that some time must be allowed to elapse before 
a sample can be tested. 

For purposes of discrimination between various oils, the melting 
point has, as a rule, little analytical value. It is therefore unnecessary 
to add here tables enumerating the melting points of oils. In special 

^ Commenced to melt at the edges at 25" C. ; about half of the lump melted at 
30" C. , and melted completely at 37 *8" C. 
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instances, however, such as in the valuation of “ winter oils,” the 
melting point is of considerable importance. 

Of greater importance is the determination of the melting point 
of solid fats, as it is frequently required to value different specimens 
of one and the same kind of fat on the basis of their melting points. 
As has been explained above, the methods in vogue yield different 
results. An agreement between analytical chemists as to an exact 
method is desirable. A table in which the various melting points 
were set out would show so glaring a disagreement between various 
observers, that I consider it useless to collate the numbers here. The 
melting points of the natural fats will be found detailed under their 
respective headings in Vol. II. Chap. XIV. 

It should be noted that small amounts of free fatty acids influence 
the melting point considerably. 

Special directions for the determination of the melting points of 
lard substitutes, parafiin wax, and spermaceti will be found in Vol. III. 
Chap. XV. under the headings “ Lard Substitutes,” “ Parafiin Wax,” 
and “ Sperm Candles.” 

Less uncertainty attaches to the melting point of the mixed fatty 
acids derived from an oil or fat ; therefore, in examining a sample of 
fat for commercial purposes, the melting point of the ft‘ee fatty acids 
is usually taken. (For the method employed for this purpose see 
Chap. VIII.) 

When melted substances solidify, the “ latent heat of fusion ” is 
liberated and a rise of temperature takes place. Whereas fatty acids 
show this rise most distinctly, it is not so well marked in the case of 
fats, although if large quantities be taken, the rise of temperature can 
bo observed distinctly (cp. Vol. II. Chap. XIV. “ Lard ”). Fats are 
rather characterised by the feature that the temperature remains con- 
stant for some time before falling further. 

It should be distinctly understood that these and the following 
notes only refer to natural fats. “ Hardened Fats ” (see Vol. III. Chap. 
XV.) show, or may show, a different behaviour which has not been 
studied hitherto. 

Rudorff studied the solidifying points, with a view to their applica- 
tion as characteristics in the examination of fats. His method was to 
melt a fat and to agitate it continuously with a thermometer, noting the 
temperature from time to time. He found that in the case of some 
fats the temperature fell to a certain point, remained constant thereat 
for a time, and then fell again. During the period of constant tempera- 
ture the fat solidified ; this temperature he judged to be the solidifying 
point. 

Again, in the case of other fats, on solidification setting in, a fall 
of temperature takes place with a subsequent rise, until a maximum 
is reached, and then the temperature remains constant until the mass 
has become solid throughout. 

A number of other fats, such as beef and mutton tallow, exhibit no 
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solidifying point proper, the temperature rising a few degrees, but 
not remaining constant for any length of time. These fats behave 
like mixtures (which indeed they are, see Vol. IL Chap. XIV.), part of 
which has become solid whilst the remainder is still liquid. 

The author does not, therefore, recommend to determine the 
solidifying point of fats, but rather determine the solidifying points of 
their fatty acids (see Chap. VIII.). 

A number of solidifying points observed with commercial lards 
will be found under “ Lard ” in Vol. II. Chap. XIV. 

Polenslce ^ pointed out that the difference between the melting and 
solidifying points of specimens of one and the same kind of animal fat 
is nearly constant, whereas it varies for animal fats of different origin. 
This is brought out clearly by the data given in the following table, 
in which a few “ differences ” of some animal and also of vegetable 
fats are recorded : — 


Kind of Fat. 

No. of 
SpecinniUB. 

Molting Point. 

•c. 

II. 

Solidifying Poniit. 
C. 

III. 

Uifl'tTpnce. 

I.-Il. 

Tallow stcarino . 

2 

54-2 ; .56 

41*5; 43*5 

12*7; 12*5 

Tallow . 

47 

41*2-62 

28*4-35*4 

12*8-15 

Lard 

15 

42*2-49 

23-28*4 

19*2-20*0 

Goose fat . . i 

G 

32*2-38*3 

17,5-21*7 

14*7-10*7 

Butter fat . 

2 

34*5 ; 35*5 

22*7; 21*2 

11*8-15*9 

Horse fat . 

2 

[ 33*0 ; 35*3 

18 ; 19 

15*0 ; 10*3 

Cocoa nut oil ^ . 

5 

24*5-26*0 

19*0-22*5 

4*8-G*0 

Shea butter . ! 


45 

25*0 

20 

Borneo tallow . ; 


1 48*5 

40*0 

8*5 


For the details of the apparatus, and the manner in which Polenske 
determines the melting point, the reader must be referred to the original 
papers. It need, therefore, only be pointed out that Polenske proposes 
to detect, with the help of the “ difference number ” (as he terms the 
numbers given in the last column of the preceding table), admixtures 
of one animal fat to another, such as lard and beef fat to goose fat, 
etc. (see Vol. II. Chap. XIV.). It is, however, absolutely essential 
to follow minutely the ^nodxis operandi prescribed by Polenske. 

It will be observed that the differences in the case of cocoa nut oil 
and Borneo tallow are comparatively small, whereas in the case of 
shea butter the difference is higher than in the case of animal fats. 
A much more extended series of observations is, however, required 
before general deductions can be made. This becomes obvious from 
the fact that in his second paper Polenske was forced to raise the 
“ difference numbers ” in the case of goose fat and of butter fat. 

' Arbeiten a. d. Kaiserl. Geswndheiiaaiate, 1907, xxvi. 3, 444 ; 1908, 273. 

^ In the case of a “hardened ” cocoa nnt oil, having the iodine value of about 1, the 
“difference number” had risen from 6*2 to 16‘8, the melting and solidifying points 
respectively of original and “hardened” cocoa nut oils having been raised from 26*6 
and 20 '4 to 44*5 and 27*7. 
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Fischer and Alpers ^ state that Polenske^s limits must be widened, and 
whilst the method may be useful for the detection of considerable 
quantities of tallow in lard, it is useless for the detection of foreign 
animal fats in butter fat (cp. Bomer and Limprich ^). 

The following observation may also prove useful. It has frequently 
been noticed that a mixture of oleostearine and cotton seed oil of a 
definite “titer test” (see Chap. VIII.) crystallises at a much higher 
temperature than a mixture of pure lards of the same titer test. It 
has also been noticed that a mixture of lard oil and lard stearinc crystal- 
lises at a much higher temperature than a corresponding mixture of 
lard oil and oleostearine.^ 

The solidifying or freezing (congealing) point of oils is deter- 
mined with the aid of freezing mixtures, in which tubes containing the 
oil arc placed. The thermometer is inserted in the tube by means of a 
cork ; it is convenient to use a thermometer, the scale of which com- 
mences above the cork. The following table ^ gives the proportions 
of water and certain salts required for the preparation of some freezing 
mixtures : — 


Substances used. 

Parts per 100 of 
Water. 

Temperature 

obtained. 

•c. 

Distilled water 


0 

Potassium nitrate . . , 

13 

-2*85 

/Potassium nitrate . 

13 \ 


(Sodium chloride 

3‘3/ 

— 0 U 

Barium chloride 

35-8 

-8*7 

Ammonium chloride 

26-0 

-15*4 


If snow is available, lower temperatures can be obtained, as will 
be seen from the following table : — 

Substances us(>d per 100 parts of Snow. Tfinp. obtained. 


“ C. 

13-5 parts potassium nitrate and 20 parts ammonium chloride . - 17-8 

33 parts sodium chloride . . . . . . - 21-3 

52 parts ammonium nitrate and 55 parts sodium nitrate . - 25-8 

9 parts potassium nitrate and 67 parts aminonium rhodanate . - 28-2 

13 parts ammonium chloride and 37-5 parts sodium nitrate . - 30-7 

32 parts potassium nitrate and 59 parts ammonium rhodanate . - 30 0 

2 parts potassium nitrate and 112 parts potassium rhodanate . -34-1 

39-5 parts ammonium rhodanate and 54*5 parts sodium rhodanate - 37-4 
143 parts crystallised calcium chloride (CaCla + 2H20) , . -50 0^ 


^ Zeits. f. Unters. d. Nahrgs- u. Oemissvi., 1909, xvii. 181 ; cp. also Fritzsche, 
ibid., 1909, xvii. 532, and Labaud, ibid., 1909, xviii. 289. For the “theoretical basis 
of Polenske’s method ” cp. A. Burner and R. Limprich, ibid., 1913, xxv. 367. 

* Wesson and Lane are of the opinion that this is due to the hard portion.s of the 
beef fat, which comprise the bulk of oleostearine, being less soluble in cotton seed oil and 
in lard at low temperatures, than are the solid portions of hog fat. 

3 Journ. Soc. Chem, Ind., 1889, 428. 

* J. Duclaux {Cwnpt. reiid., 1910 (161), 7l6)uses a mixture of carbon bisulphide and 
acetone, thus obtaining a temperature of - 48“ C. 
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The freezing point of fatty oils is not characteristic enough for 
purposes of classification or 
identification. This deter- 
mination is therefore resorted 
to for purposes of valuation, 
as in the examination of differ- 
ent specimens of neats’ foot 
oil (see Vol. II. Chap. XIV.), 

“ winter oils,” and lubricating 
oils. Elaborate methods for 
testing lubricating oils have 
been worked out by the 
officials of the Konigliche 
Technische Versuchsanstalten, 

Berlin. Fig. 17 illustrates the 
apparatus in which the deter- 
mination of the freezing point 

of fatty oils is carried out (cp. “ Cold Test,” Vol. III. Chap. XV.^). 

3. Refractive Index 


The ease and rapidity with which the refractive index can now be 
determined has given prominence to the refractometric method of 



KiK. 1«. 


examining oils and fats. This method does not afford a perfectly 
reliable means of detecting adulteration ; yet, in many cases, it can be 

^ Cp. also A. Loewensteeii and L. Boelio, Eighth International Congress oj 
Applied Chemistry, 1912, vol. xi. 17. 
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used as a sorting test, permitting to decide rapidly whether adultera- 
tion may be suspected, or whether a genuine sample is under examina- 
tion (cp. Vol. II. Chap. XIV. “ Butter Fat ”). The objection of earlier 
observers, viz. that the refractive index is greatly influenced by the 
methods of refining, the age of the oil, the amount of free fatty acids, 



Fig. 10. 


and the amount of oxidation a specimen has undergone, are unfounded 
to a great extent, more recent researches having proved that very 
valuable indications (especially in the case of butter fat) can be gained 
from the determination of the refractive index. 

In Abbe’s refractometer the index of refraction is found by observing 
the total reflection which a very thin stratum of a liquid placed between 
prisms of a more highly refracting substance produces in transmitted 
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light.^ A single drop of a fluid is therefore sufficient for the examination, 
so tliat fluids wliich are opaque in a thick layer may be readily examined. 

The instrument ^ is shown in Figs. 18 and 19. The former illustrates 
its position when the drop of fat under examination is applied ; the 
latter shows that position of the instrument in which the readings are 
taken. The instrument consists of a double prism of highly refracting 
flint glass (Fig. 18) fixed to an alhidade in such a manner that it can 
turn round the centre of a divided arc. This arc has fastened to it a 
telescope turning with it on a horizontal pin. The elongated part of 
the telescope fits in a support carrying two revolving Amici prisms. 
This system acts as a compensator for achromatising the critical line of 
total reflection, the amount of rotation being indicated by a divided 
drum. The drop of liquid to be examined is brought between the 
two prisms, one of which can be easily removed as shown. In order 
to make this prism easily accessible, the telescope with the arc can 
be turned down. 

The examination may be made with diffused daylight or with 
lamplight, and consists in a single adjustment of the alhidade. The 
refractive index is read directly off the divided arc to the third decimal, 
so that no calculation is required. The fourth decimal may be esti- 
mated accurately within two units. 

Zeiss’s butyro-refractometer (for the examination of butter) (Fig. 20) 
has almost completely superseded Abbe’s refractomcter in laboratory 
practice. Only when the refractive indices of an oil lie outside the 
range of the butyro-refractometer, as in the case of tung oil and rosin 
oils, the Abbe refractometcr is required. The butyro-refractometer 
differs from the Abbe instrument in that the critical line of total reflection 
for a given substance — in this case butter fat— is achromatised, not by 
a special compensating arrangement, but by the refractomcter prisms 
themselves, the dispersion co-existent with the total reflection between 
glass and substance being exactly compensated by the dispersion due 
to the surface when the light emerges from the double prism in the 
direction of the telescope. Accordingly, the critical line appears 
colourless (achromatised) for the standard substance for which the 
prisms have been calculated, whilst all substances differing from it in 
refractive and dispersive power cause the critical line to appear more 
or less blue when the dispersion is higher, or red when it is lower than 
that of the standard substance. The critical line is, however, in all 
cases sufficiently distinct to admit of its exact position being ascertained. 
In the latest instruments the refractometer is provided with a micro- 
meter screw which permits of greater accuracy in reading, as the dividing 
line can thereby be shifted in either direction by one whole degree, so 
that the uncertainty in gauging tenths of degrees is removed to a great 
extent.^ Thus two different substances are, in the first instance, 
distinguished by the different positions of the critical line, and next 

^ E. Abbe, Neue ApparaU zur Bettimviwig des lirechungs- und Zerdreuungsver- 
mSgena fester und Jlussiger K6r2)cr. .Jena, 1874. 

“ Ma<lo by Carl Zahi, Optische Werkstiitte. 

® F. Loewe, Zeits.f, Unters. d, Nahrys- u. Genussm., 1905, ix. 16. 
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by the difference in appearance as regards a coloured fringe. Since 
the prisms of the butyro-refractometer are calculated for pure butter 
fat, the presence of foreign fats in a sample of butter fat can in many 
cases be detected by a simple examination under this instrument. 

To make an observation, place the instrument upon a table, where 
diffused daylight or any form of artificial light can be readily admitted 
for illumination. Supply through nozzle D a stream of water of constant 
temperature.^ Then open the prism casing by giving to pin F about 



Fig. 20. 


half a turn to the right, until it meets with a stop, and turn the half B 
(held in position by H) of the casing aside. The prism surfaces must 
now be cleaned with the greatest care ; this is best done by applying 
soft linen moistened with a little alcohol or ether. Then pour a few 
drops of the clear (filtered) fat on to the surface of the prism contained 
in casing B. For this purpose the apparatus should be raised with the 
left hand, so as to place the prism surface in a horizontal position. 

1 For the theory underlying the con.struction of the butyro-refractometer cp. also 
Bauiuert, Zeits. f. Unters. d. Nahrgs- u. aenussm., 1905, u. 1J5. 

a Cp. Fig. 26, p. 334. 
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Then press B against A, and bring P back into its original position by 
turning it in the opposite direction. 

While looking into the telescope, give the mirror J such a position 
as to render the critical line, which separate? the bright left part of the 
field from the dark right part, distinctly visible. If the space between 
the prisms is not filled completely with the sample, the critical line will 
not appear distinct. Finally adjust the movable part of the telescope, 
so as to focus the scale. 

The critical line, somewhat hazy at first, approaches a fixed position 
after a short time and quickly attains its greatest distinctness. This 
point being reached, the reading of the thermometer ^ is taken, unless 
a definite temperature has been arranged for at the outset. The 
adjustment of the instrument should be tested periodically by means 
of a standard fluid (supplied with the instrument), the critical line of 
which must occupy a definite position on the scale. With the aid of 
a watch-key inserted in G, the position of the objective can be altered 
at will. 

The scale divisions are converted into refractive indices by reference 
to the following table : — 


Table of Ref ractive Indices 


Scale Division. 

np. 

Ditrercnco. 

0 

1 '1220 


10 

1 '4300 

8'0 

20 

1 '4377 

7'7 

yo 

1'1452 

7 '5 

40 

1 '4,524 

7 ‘2 

50 

1 '4f>93 

6'9 

60 

1 '46.59 

6 '6 

70 

1 '472.J 

6 '4 

80 

l'478y 

6'0 

90 

1'4840 

5 '7 

100 

1'489.5 

.5 -.5 


Pulfrich's 2 refractometer is also provided with a special arrange- 
ment for observations at somewhat elevated temperatures. This 
refractometer ® is shown in Fig. 21. The observations are made with 
sodium light, placed opposite the reflecting prism N, or with hydrogen 
light, emanating from the Geissler tube Q. The sodium light is thrown 
by means of the reflecting prism N, and the hydrogen light by means 
of the condenser P, on to the substance under examination. (The 
illumination can be changed rapidly from one source of light to the 
other by displacing N.) The substance is placed direct on to the surface 

^ Special thermometers are supplied by the makers of the Imtyro-refractometer for 
examination of lards and butter fats, which show at a glance deviations from asmmed 
normal values of these fats. The author has not admitted the “ differential values ” into 
this work. 

2 C. Pulfricli, Das Totalrejlectomeier und das Refractometer fikr Chemiker, etc., 
Leipzig, 1890. 

’ Made by Carl Zeiss, Optische Werkstatte, Jena. 
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of the refractomftter prism in the manner illustrated by Fig. 22, and the 
prism, together with the substance, can be brought to any desired 
temperature in a special heating apparatus S (Fig, 23), by allowing the 
heating liquid to flow in the direction indicated by the arrows. The 
piece of wood W (Fig. 21) serves to prevent loss of heat. 

The light falling into the substance to be examined under grazing 



Fig. 21. 


incidence passes through the vertical face of the 90° prism, and the 
angle i at which the limiting ray emerges from the vertical face is 
read off by means of a telescope and graduated circle. The refractive 
index n of the substance is calculated by means of the formula 
n = /v/N^ - sin^', where N is the (known) refractive index of the prism. 

For the convenient supply of water to the butyro-refractometer 
at a constant temperature and under constant pressure, a water-pressure 
regulator (Fig. 24), consisting of the two vessels A and B, may be used 
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in conjunction with a thermostat ^ (Fig. 26). The butyro-refractometer 
is inserted between the thermostat and vessel B. 

A combination of the Abbe refractometer with the heating apparatus 
of the butyro-refractometer — necessary for tlic determination of the 
refractive indices of such oils as tung oil and rosin oils (see p. 337) — at 
a constant temperature is shown in Fig. 26. 

A type of instrument based on an arbitrary scale was constructed 
in France, before the butyro-refractometer appeared on the market, by 




Amagat and Jean for the examination of oils and fats, and especially 
of butter fat. The apparatus, termed by its designers oleo-refracto- 
meter (Fig. 27), consists essentially of a collimator, a telescope, and a 
metallic vessel. The latter is fitted with parallel plate-glass sides, and 
its relative position to the collimator and telescope is fixed in such a 
manner that a ray of light entering through the collimator must pass 
through the plate-glass sides and the telescope. In the centre of the 
metallic vessel a small hollow silver cylinder A having two plate-glass 
ends is inserted, so arranged as to form an angle of 107°. The telescope 

* A soinewliat more convenient thermostat, occupying less space, is recommended by 
T. E. Thorpe, Journ. Chtm. Soc., 1904, 2.57 ; cp. also von Heygendorff, diem. Zeit., 
1909, 244 ; Poda, ibid., 1910, 1882; Cli. A. Hackman, Chem. News, 1910, 192. 
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is furnished with an arbitrary glass scale, H, placed in the focus of the 
eye-piece, M, on which is thrown the image produced by a semicircular 
stop inserted in the collimator, thus dividing the field into a dark and 
a light portion. If the silver cylinder and the outer circular vessel be 
filled with the same oil, there will be no refraction, and consequently 
no alteration in the position of the image. If, however, the inner 
silver cylinder be filled with a different oil, the light will be refracted, 



the amount of refraction depending on the nature of the oil ; conse- 
quently the line dividing the field will be displaced to the right or left. 
The amount of displacement is read off the scale of the telescope, and is 
expressed by the number of scale divisions or degrees. 

For practical use the outer vessel is filled with a standard oil {huile 
type) [the composition of which is, curiously enough, kept secret by 
the inventors ; ^ it is supplied together with the instrument], and the 
semicircular stop is so adjusted that the line dividing the field into a 

1 The “ huile type ” is sheep’s foot oil. 
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dark and a light portion falls on the zero point of the scale. The inner 
cylinder is then filled with the oil under examination, and the displace- 
ment of the dividing line, i.e. the amount of refraction, is read off. 
Instead of using the “ standard oil,” a sample of oil may of course be 
compared with a specimen known to be pure. 

For the sake of greater convenience in practical use both the 
cylindrical vessel and the silver cylinder can be emptied (and washed 



FiK. 26 . 


out) by means of taps, only one of which, R, is shown in Fig. 27 . A 
water-jacket (not shown) surrounding the centre part of the instrument 
allows the temperature of the oil under examination to be regulated. 
The water in the jacket can be heated by means of a lamp to any 
desired temperature, which is read off a thermometer. 

Ama^at and Jean's oleo-refractometer has this advantage over 
other refractometers that, being a differential apparatus, it allows of 
a rapid comparison of two oils under exactly the same conditions.^ 

^ Allen (Analyst, 1895, 135) points out that the angle of the prism was not strictly 
the same in all earlier instruments ; thus he found for a aainple of lard in three instru- 
ments 4^“, 6", and 11° respectively. 
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The older oleo-refractometers were constructed for the temperature 
of 22° C., and most of the readings published by earlier observers were 



taken at this temperature. The instruments placed on the market at 
present are provided with a double scale for temperatures of 22° C. and 
45° C. respectively, so that observations made at 22° C. can be read off 
at once in the corresponding values at 45° C. 



Fifi. 28 . 


A new refractometer (Fig. 28) resembling the Pulfrich refractomoter 
has been designed by HarhndJ This instrument differs from Pulfrich' s 
refractometer in that essential point that the rectangular prism of the 
latter is replaced by a cylinder quadrant, made of French flint glass of 
high refractive power. 

^ Manufactured by Hans Heele, Berlin. 
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The object to be examined is placed on the polished horizontal 
surface of the quadrant. The light falls into the substance under 
gi-azing incidence, and the limiting ray, after emerging from the cylinder 
quadrant, passes through a concave cylinder segment (made of the 
same highly refractive glass as the cylinder quadrant, and of the same 
radius) in the telescope and thence into the eye of the observer. The 
angle is read off an arc which is divided into one-quarter degrees (16 
minutes) ; by using the “ vernier,” single minutes Can be read off 
without difficulty. In order to obtain still greater accuracy, a micro- 
meter screw is provided, the drum of which is divided into 50 divisions. 
As one total revolution of the drum corresponds to 15' or 900", one 
division corresponds to 18" ; this forms the limit of accuracy obtainable 
with this apparatus. From the observed angle, i, and the known 
refractive index, N, of the cylinder quadrant, the refractive index, 
n, of the substance under observation is found with the aid of the 
formula : — n = N . sin 

In order to obviate calculations, there is furnished with the apparatus 
a table in which the refractive indices, w, are given from 10 to 10 
minutes, for all the angles between 34° 44' 30" and 87°, for the sodium 
line D. For any other wave length the refractive index must be 
calculated ; for this purpose the values of N for the rays A', C, D, F, G' 
are given in the table. Thus all refractive indices between 1 and 1'733 
can be observed. (For higher refractions it would, of course, be 
necessary to use a cyhnder quadrant, etc., of still higher refractive 
power.) The instrument is so adjusted that the angle for air is 
34° 44' 30". This is of great importance, inasmuch as it enables the 
operator to determine the zero point, as it were, of the instrument at 
any time. 

To observe the refractive index, a sodium light or any other mono- 
chromatic liglit is thrown from a distance of 12 to 16 inches through the 
rectangular prism on to the object under observation. By turning the 
rectangular prism downwards and sparking the hydrogen tube provided 
(see Fig. 28), the refraction for the hydrogen line can be observed, and 
by thus changing the source of light the dispersion can be measured 
rapidly, as it is only necessary to turn the micrometer drum, until the 
dividing line between the dark and the illuminated fields passes again 
through the centre of the spider web in the telescope. 

This dividing line is more sharply defined and is less curved than 
in other instruments ; therefore the angle can be adjusted with greater 
accuracy than is the case in similar instruments. 

In order to make observations at any desired temperature, the 
quadrant is surrounded with a water-jacket H. 

For the observation of liquid substances a trough designed according 
to the suggestions of the author ^ is provided. In the following table 
a few observations by the author are contrasted with those obtained 
in the butyro-refractometer, where applicable. The temperature was 
20° C. 


^ Lewkowitach, Journ. Soc. Chem, Ind,, 1909, 773. 
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Substance. 

Harland’s Refractometer. 

Butyro-refractometer. 

Medium used. 

Angle observed 
for D lino. 

“ Degrees.” 

Calculated. 

Water ^ ... 

Wintergrecn oil 

49® 34'=- 1-33568 



Tung oiP . 

69° 59'= 1-61943 



Soya oil ... 


67° 31'= 1-48026 

82° 

1-4794 

Maize oil . , . 


67° 15'= 1-47683 

76° 

1-47590 

Cottonseed oil 


67° 20'= 1-47721 

76° 

1-47590 

Rape oil . . . 


67° 19'= 1-47695 

76° 

1-47590 

Arachis oil . 


67° 4'= 1-47278 

70° 

1-4723 

Olive oil . . . 


67° 4'= 1-47278 

70° 

1-4723 

Castor oil . 


57° 38'= 1-48215 

84° 

1-4807 

Neats foot oil 


57° l'= 1-47195 

67° 

1-4705 

Cod livor oil 


67° 38'= 1-48215 

84° 

1-4807 

Whale oil . . . 


67° 23'= 1-47804 

77° 

1-4765 

Thymo oiP . 

Carbon bisulphide 

58° 4.5'= 1-50017 



Wintergrecn oil ’ 

61° 16'= 1-53846 



Rosin oil ^ (eontaining 
rosin acids) 

61° 8'= 1-53675 



Rosin oil ’ (free from 
rosin acids) 


61° 50'= 1-64696 




Other instruments for the refractometric examination of oils have 
been constructed by Fery^^ by Leitz, and by Eyhnann. 

The “ irnmersion-refractomcter ” constructed by Zeiss for the 
rapid examination of aqueous and alcoholic solutions has been applied 
to the examination of dilute aqueous solutions of glycerol by Henkel 
and Roth.^ 


The refractive index varies in inverse ratio to the temperature ; 
hence it is necessary that observations be made at a constant tempera- 
ture. Tolman and Munson ^ calculated, from Procters ^ observations, 
0-000365 as the correction for each degree Centigrade.® According to 
Richnond the factor 0 00038 is more correct. From determinations 
made with the standard fluid supplied with the butyro-refractometer 
he derived the following corrections : — 

^ In this case the bntyio-refractnnietcr is useless. 

^ Manufactured by Adam Hilger, Camden Hoad, London, N.W. 

^ Zeits. f. an<je.w. Chem., 1906, 1940. 

^ Journ. Amer. Che.m. Hoc., 1902, 764. 

® Journ. Hoc. Chem. hid., 1898, 1023. 

® Cp. also Harvey, Journ. Hoc. Chem. Ind., 1906, 770. 

Analyst, 1907, 44. Loncli ami Lythgo {Journ. Am*r. Chem. Hoc., 1904, 1193) 
constructed a sliding scale for reading off the refractive indices corresponding to butyro- 
refractometer “ degrees ” at different temperatures. This scale was based upon the factor 
calculated by I'olman and Munson. Richmond, however, pointed out that the errors in 
the results obtained by the use of this scale are greater than can be accounted for by the 
errors of the actual observations. He states that the factor varies with each part of the 
refractometer scale, and gives a table of the corrections found necessary in the case of a 
number of fats and oils. 

VOL. I 
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Teiii]). “C. 

Correction for 
Sciile Reading. 

Correction for 
Refittctivo Index. 

15—20 

0-62 

0*000372 

'20—25 

0*60 

0*000372 

25—30 

0*608 

0*000380 

30-35 

0*615 

0*000393 

35—40 

0*594 

0-000386 

40—45 

0*585 

0*000383 

45—50 

0*583 

0*000385 


In the butyro-refractomcter the correction for butter fat is 0-55 scale 
divisions (“ degrees ”) for each degree Centigrade ; this correction 
is, liowever, not applicable to other oils and fats. In order to avoid 
complications, it is best to make all observations at a definite tempera- 
ture, to be agreed upon. It is advisable to adopt 40° C. as the standard 
temperature, most oils and fats being liquid at 40° C., and only in 
exceptional cases, such as beeswax, higher tentperature being required. 
The temperature should, however, always be stated distinctly. 

The presence of free fatty acids in oils and fats appears to affect 
the refractive index to a marked degree. Thus a sample of Californian 
olive oil ^ containing 44-4 per cent of free fatty acids, had the refractive 
index M672, whereas a large number of similar oils containing only 
small amounts of free fatty acids gave 1*4711. 

The following table contains a number of refractive indices observed 
with the aid of the Ahhe refractometer, the oleo-refraetometer, and 
the butyro-refractometer respectively. Following the system of 
classification adopted in this work, they are arranged in the order of 
the iodine values of the oils, fats, and waxes, so a5 to show at a 
glance whether a correlation can be established between the iodine 
number and the refractive power. No definite relation, however, 
exists.^ More complete data will be found in the tables accompanying 
the description of the individual oils, fats, and waxes in Vol. II. Chap. 
XIV. It is noteworthy that the oils belonging to the “ Terrestrial 
Animal Oils ” deviate in the oleo-refractometer to the left. Too few 
observations have, however, been made to permit the conclusion that 
terrestrial animal oils could be readily differentiated from vegetable 
oils by their behaviour in the oleo-refractometer. 

^ Tolman and Munson, Jov/rn. Amer. Ohem. tSbe., 1903, 965. 

^ Cp, E. Durier, Annul, des FaUiJic., 1909, 489. 
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Perilla . 
Linseed . 

® i^Jaimnesi 
Candle nut 

Stillingia 
Hemp seed 
Walnut, Nut . 
Arbutus uncdo 
SalHower 
Kaya 
Inukaya , 

Poppy seed . 
Soya bean 
Asparagus seed 
Amoora . 
Manihot . 

Melia azedarach 
Millet seed 
Niger seed 
Sunflower 
Service berry . 
Argemonc 
Fir seed . 
Strawberry seed 
Hawthorn seed 
Currant seed . 
Mulberry seed 


Cameline . 
Pumj>kin seed 

Maize (corn) 

Wheat 
Beech nut 
Kai)ok 
Cotton seed 


Luffa seed 
Croton 


Mucuna . 

Curcas, purging nut 


Drying oils 



Spindle tree 




Refractive Index. 

n 

D 

1 

)leo-refractometer. , Butyro- 

rofractometer. 

*C. 

*C 

Degrees. °C. Degrees. 

16 1*4825 



/ 16 1*4835 

25 

+ 50 to + 54 20 84-90 

1 60 1*4660 


40 72*6 

20 1*6179’ 
20 l*6063j 


+ 75 

23*5 1*4825 


/ 20 78*5 

1 25 76 

35 76 


22 

+ 34 to + 37 

... 1*4804 

22 

+ 36 to + 36 40 64*8 

16 1*477 


40 65*2 

20 1*4758 
20 1*476 

60 1*4586 

22 

+ 30 to + 35 40 63*4 

20 1*4803 


20 82 



25 75 



40 64*6 



40 62*9 



40 65*1 



25 70 

60 1*4611 

22 

+ 26 to + 30 40 63*0 

22 

+ 35 26 72*2 

16 1*4753 


40 62*5 

35 1*4769 

25 1*4796 


40 67 



40 62 



40 63*9 

i 

22 

+ 32 

f 16 1*47665 

1 20 1*47625 
20 1*48825 


26 70*2-72*6 


74*6 


22 

16*5 to 18 

15 1*4743- 


40 61*3 

22 

+ 17 to +23 25 67-6-69*4 

1-4752 
15 1*4748- 

22 

40 68*0 

+ 13 to + 17 25 68 

1 -4762 


40 62*0 

26 1*4781 : 

22 

+ 36 27 77*6 



40 68 

25 66*2 

25 1*4681- ’ 


26 66 

1*4687 


40 66*6 

40 63 



•• 

40 62 
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Oil. 

Class. 

Group. 

Refractive Index. 

% 

Oloo-refractometer. 

Bntyro- 

refractometer. 

•0. 


“0. 

Degrees. 

•c. 

Degrees. 

Gnrden cress . 

Semi -drying 

Rape oil 





40 

60*6 

Ravison . 

oils 

group 



22 

-f 18 to -f 25 

20 

73-74 

Hedge mustard 







25 

70*5-71*6 

Rape (colza) 



15 

1*4720- 

22 

4-16 to -|- 20 

26 

68 





1*4767 





Black mustard . 



15-6 

1*4672 



40 

69*6 

White mustard 



16-5 

1*4760 



40 

58*6 

Radish seed 







40 

67*6 

Jamba 







26 

67*2 

Small fennel 

Non-drying 






40 

58*6 

Quince 

oils 



1*4729 



25 

68*6 

Apricot kernel . 



20 

1*4712 



25 

66*6 

Plum kernel . 







25 

. 63*1 

Peach kernel 





22 

+ 7*5 to -fll-S 

25 

66*1-67*2 

Almond . 



GO 

1*4555 

22 

+ 8 to -|-10*6 

25 

64*4 

Wheat meal 



25 

1*4851 



25 

92 

Acorn 




1*4731 





Californian nutmeg . 




1*4766 





Arachis . 



60 

1*4645 

22 

4-4 to 4-7 

26 

66-67*6 

Rice 







25 

68*2 

Tea seed . 





22 

4-8 



Tsubaki . 



20 

1*4679- 









1*4691 





Sasanqua 



20 

1*4691 





Njore-Njole 



22 

1 *4695 





Pistachio . 







26 

62 

Hazelnut . 







25 

61*2 

Koemo 







25 

63*64 







1 

30 

61*62 

Elderberry 



20 

1*472 





Olive 



16 

1*4698- 

22 

0 to 4-3*6 

25 

62*4 





1*4716 



40 

63*6-66*4 

Olivo kernel 



26 

1*4682 





Calophyllum . 







40 

76 

Coffee berry 



25 

1*4777 



25 

79-81*6 

Ren .... 







40 

59 

Sterculia . 



40 

1*4664 





Paradise nut . 







16 

61*4 

Canari 







40 

60*3 

Secale 







26 

66 

Grape seed 


Castor oil 

25 

1*4713 



26 

69*4 



group 

60 

1*4623 



60 

64*6 

Castor 



16 

1*4799 

22 

4-89 to 4-42 

25 

78 








4p 

66*6 

Menhaden 

Marine 

Fish oils 





26 

80*7 


animal oils 






40 

71*8 

Japanese sardine 



20 

1 *4806 

22 

•}- 60 to 4- 68 

40 

68*6 

Salmon . 







40 

69*6 

Pilchard . 






4- 82 to 4- 36 
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Ood liver . 
Shark liver 


Seal . 

Whale . 
Turtle 

Diigong . 
Dolphin, body 
Porpoise, body 
Brown fiah 


Chryaalia . 

Egg- 

Sheep’s foot 
Horses’ foot 
Neat’s foot 


Parkia 

Pongam . 
Laurel 

Margosa . 
Inukusu . 
Mowrah seed 
Njave 
Palm 


Nutmeg butter 


Palm nut . 
Cocoa nut 
Tonka butter 


Marine 


Phulwara butter 
Cacao butter . 
Chinese vegetable 
tallow 

Kokum butter . 


Terrestrial 
animal oils 


Vegetable 

fats 


Myrtle wax 



— 

I Refractive Index. 

Group. 



I Oleo-refractometer. 

1 

Butyro. 1 





1 rerractometer. j 


•c 


•0 

Degrees. 

*0 

Degrees. 

Liver oils 

15 

1-4800- 

22 

-i-40 to -1-48 

25 

76 



1-4862 

22 

+ 29 to +36 



Blubber oils 



22 

+ 8 to +36 

40 

65 


20 

1 -4762 

22 

+ 42 to +48 

26 

66-68 

I 

30 

1-4677 





i 

50 

1-4665 



26 

60-3 





... 1 

40 

62 


15 

1-4708 



15 

67-7 





f 

26 

64-8 





... 1 

40 

46-3 


... 




25 

62-7 


20 

1-4767 







1-4713 

22 

0* 

25 

68-6 





- 6 to - 12 




'26 

1-4681 

22 

- 1 to - 3 

20 

64-2 





... f 

26 

67-2 





1 

40 

68-8 


40 




40 

70-78 


1-4643 



26 

80 






40 

72 






40 

62 


26 

1-4*646 



40 

62-1 






40 

52 


60 

1-4510 





Myristica 

40 

1-4704 



40 

61-67 

group 












48-2 


60 

1-4496 



40 

46-47*8 






40 






-23 

60 

88 


26 

1-4628 





Cocoa nut oil 

60 

1-4431 



40 

38-6 

group 

60 

1-4410 



40 

84 







47 


80 

1-4363 
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Oil, Fat, or Wax. 

Glass. 

Group. 

Refractive Index. 

% 

Oloo-rofTactometer. 

Butyro- [ 

refijictoiiietor. | 

*C. 


°C. 

Degrees. 

“C. 

Degrees. 

Lynx 

Wild duck 

Marmot . 

Horse 

Hare 

Animal fats 

Semi-drying 

fats 

60 

60 

60 

60 

1'4539 

1-4510 

1-4501 

1-448- 

1-445 

22 

45 

-12-5 

- 25 to - 31 

20 

4.5 

40 

40 

40 

40 

40 

40 

40 

25 

40 

40 

40 

70 

55- 5 

59-4 

53-7 

49 

49 

50-50-5 

49-6-53-1 

45-57 

56- 3 

49 

41-42 

44-6 

Rabbit (tame) . 

Goose (domestic) 
Human (adult) 

Lard 

Beef marrow . 

Beef tallow 

Mutton tallow . 

Butter 

Stag 

1 

Non-drying 

fata 

Sperm oil 

Liquid waxes 


20 

1-4650 

22 

-12 to -17-5 

40 

46-2 

Arctic sperm oil 





22 

-13 



Carnailba wax . 

Solid waxes 

Vegetable 





40 

66-7-69 



waxes 







Wool wax 


Animal 

40 

1*4781 







waxes 


-1-4822 





Beeswax . 







62 

29-6-30 




75 

1-4398 



40 

42-9-46 -6 





to 1 *44511 






The influence of food on the refractometer number of animal fats 
has been studied by Polenske ; ^ lie found that considerable quantities 
of cotton cake are required to produce (by feeding) an increase of 
the butyro-refractometer number in the case of hogs. Since the 
different foods considerably influence the proportion of unsaturated 
glycerides in animal fats (see Vol. II. Chap. XIV. “ Animal Fats ”) 
and the refraction of unsaturated acids is notably higher than that 
of saturated acids, the influence of food naturally shows itself in the 
rise of the refraction (see Vol. II. Chap. XIV. “ Butter Fat ”). 

The changes which are produced in the refractive indices by the 
heating of oils and fats have been studied by Vtz. His results are 
reproduced in the following table : — 


^ Arbeitena. d. Kaiserl. Oesundheitsamte, 1906, 567. 
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Original Oil 
or Fat. 

Heated One 
Hour ill Water 
Oven. 

Heated Three 
Hours in 
Water Oven. 

Heated Ten 
Hours in Water 
Oven. 

Heated Two 
Hours at 

145* C. 


Refractive 

Index. 

Butyro-re- 

fractometer. 

Refractive 

Index. 

Butyro-re- 

fractometer. 

Refractive 

Index. 

Butyro-re- 

fractometer. 

Refractive 

Index. 

Butyro-re- 

fractonieter. 

Refractive 

Index. 

Butyro-re- 
frac tome ter. 1 

1 

Refraction nt 











20* 0. 











Cotton seed oil . 

1-4780 

79-4 

1-4780 

79-4 

1-4799 

82-7 

1-4813 

85-2 

1-4825 

87-3 

Cod liver oil 

1-4778 

79-1 

1-4776 

78-7 

1*4804 

83*6 

1 -4805 

83-8 

1-4823 

86-9 

Olivo oil . 

1-4688 

64-5 

1 -4689 

64-7 

1-4696 

65-7 

1-4696 

65-7 

1 -4698 

66-1 

Sesam^ oil 

1-4730 

71-1 

1-4730 

71-1 

1-4731 

71*3 

1-4732 

71-4 

1-4738 

72-4 

Refraction at 

40* 0. 











Butter fat (fresh) 

1-4636 

41-7 

1-4535 

41-5 

1-4538 

42-0 

1-4539 

42-1 

1-4548 

43-4 

„ (old) . 

Cacao butter 

1-4533 

41-3 

1 -4534 

41-4 

1-4540 

42-3 

1-4549 

43-6 

1-4554 

44-3 

1-4537 

41-8 

1-4535 

41-5 

1-4570 

46-6 

1 *4574 

47-2 

1-4583 

48-5 

Cocoa nut oil 

1-4497 

36-3 

1-4498 

36-4 

1-4193 

35*7 

1 -4500 

36-7 

1 -4505 

37-4 

Lard . 

1-4606 

51-9 

1 -4606 

51-9 

1*4605 

51-7 

1-4617 

63-6 

1-4625 

54-8 

Tallow (Beef) . 

1-4551 

43-9 

1-4550 

43-7 

1-4570 

46-6 

1 -4580 

48-0 

1 -4586 

48-9 

j ,, (Mutton) 

1-4550 

43-7 

1-4550 

43-7 

1-4568 

46-3 

1-4582 

48-3 

1-4588 

49-2 


or the changes in the refraction which oils undergo on blowing, 
see Chap. VIIL and Vol. III. Chap. XV. “ Blown Oils.’’ 

Procter ^ proposed to calculate the specific refraction of oils and 
fats. Little practical importance attaches, however, to this constant ; 
hence the reader must be referred to the original paper. ^ 


4. Rotatory Power of the Plane of Polarisation 

The earliest observations made by Bishop ® in a Laurent's sac- 
charimeter with a 200 mm. tube are reproduced in the following 
table : — 


Kind of Oil. 


Rotation in Sacclmrimeter. 
Ufgrce.s. 

Almond oil, sweet 


-0-7 

Arachi.s oil . 


-0-4 

Colza oil (French) ‘ . 


-21 

„ (Japanese) . 


-IG 

Lin.seed oil . 


-0-3 

Walnut oil . 


-0-3 

Poppy seed oil 


00 

Olive oil . . . 


+ 06 

{Se.sam6 oil, cold expressed . 


+ 31 

„ „ warm expressed 


+ 7-2 

M „ 1878 


+ 4-6 

„ » 1882 


+ 3-9 

» „ 1882 


+ 9-0 

„ „ Indian . 


+7-7 


^ Joxirn. Soc. Chem. Jnd., 1898, 1023; cp. Lewkowitsch, ibid., 1898, 1025. 
^ Cp. also J. Klimont, Zeits. f. amjew. Chem.y 1911, 264. 

’ Journ. Soc. Chem. Ind., 1887, 760. 

^ Cp. Vol. II. Chap. XIV. ‘‘Rape Oil.” 
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Peter} who also used Laurent's saccharimeter, found that almond, 
rape, hemp seed, linseed, and poppy seed oils are leevo-rotatory, whilst 
some specimens of arachis oil were dextro-rotatory, others again leevo- 
rotatory. Thoerner ^ examined almond, rape, linseed, arachis, and 
poppy seed oils in a 200 mm. tube in Wild's polaristrobometer, but 
leaves it open to doubt whether definite rotations occur. For castor 
and sesame oils the numbers +6’4° and +1*0° respectively were ascer- 
tained.® 

The foregoing observations seemed to point to the conclusion that, 
with the exception of castor oil (the rotatory power of which is satis- 
factorily accounted for by the asymmetric carbon-atom in ricinoleic 
acid), the optical activity was not caused by the glycerides themselves, 
but was due to small proportions of optically active substances, such 
as sitosterol (phytosterol) in the case of a Isevo-rotatory oil. In the 
case of sesame oil, the dextro-rotation must be due to the presence of 
sesamin. With regard to “ Nux Vomica Fat ” see Vol. 11. Chap. XIV. 
For an optically active dextro-rotatory substance in cottonseed oil see 
Vol. II. Chap. XIV. “ Cottonseed Oil.” 

In fish oils, liver oils, and blubber oils, slight rotations of the plane 
of polarisation to the left were observed (see Vol. II, Chap. XIV.). 
(Exceptionally, dextro-rotation has been recorded for porpoise body 
oil.) In these cases the optical rotation is attributable to small pro- 
portions of cholesterol contained in these oils. Lind^ier^ has shown 
that in the case of some fish, liver, and blubber oil the magnitude of 
optical rotation stands in direct proportion to the amount of cholesterol 
in the oils. The strong optical rotation of wool wax can only be due 
to the large proportion of cholesterol and isocholesterol it contains. 

The opinion which was therefore widely held that oils and fats 
themselves do not rotate the plane of polarisation, and hence that 
the determination of the optical rotation afforded little information 
of a discriminative nature, has been invalidated by the observations 
recorded in the following table : — 


Oil. 

Stillingia 
Chaulmoogra 
Hydnocarpus, expressed 
„ extracted 

Lukrabo, expressed 
,, extracted 


Optical Rotation. 

-6° 46' in 200 min. tube. 
• [a]',? 4 /52° 

4-57-7° 

450 - 2 ° 

-1-42-5° 

451 ° 


The optical rotations recorded in this table are not caused by non- 
glyceridic substances, but are due to the configuration of the fatty 
acids themselves. In the case of chaulmoogra oil, Leivkowitsch^ has 
shown that the optical rotation is even retained by the hydrocarbons 
which are formed on distilling this oil destructively. 

* Bull. Soc. Chim., 1887, 483. Journ. Soc. Chem. Ind., 1895, 43. 

* Cp. also Rakusin, Chem. Centr., 1905, ii. 523 ; Lytligoe, Jovrn. Amer. Chem. Soc., 
1906, 887 ; Rakusin, Chem. Zeil., 1906, 143. 

^ Inaug. Dissert., Halle a. S., 1909. ® Berichte, 1907, 4161. 
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Since very few exotic oils and fata have been examined with regard 
to optical activity, it is not unlikely that a larger number of optically 
active fata may occur in nature than have been observed hitherto. 

Thus, a short time ago, the great importance which optical rotation 
has for the identifications of fats became apparent, when a new fat 
appeared in the market under the name of “ Marotti oil ” (“ Cardamom 
fat”) which had been used in the manufacture of margarine and 
produced toxic effects. The optical rotation observed on a specimen 
of this oil enabled the author to assign to it at once its place in the 
system of oils and fats, as one of the fats belonging to the “ Chaulmoogra 
oil group ” (Vol. II. Chap. XIV.). It may be added that the presence 
of the fat, even in small proportions in the margarine, could be readily 
detected by means of the polarimeter. 

It is therefore desirable not to omit the examination of new oils 
and fats for optical activity. 

From the point of view of their optical activity, oils and fats may 
be subdivided into two classes. 

(1) Oils and fats the optical activity of which is due to the presence 
of foreign active substances, such as sitosterol (phytosterol), cholesterol, 
sesamin, resins, methylheptylcarbinol, methylnonylcarbinol, etc. 

(2) Oils and fats the optical activity of which is due to the con- 
figuration of the fatty acids themselves, as in the case of castor oil 
and, especially, the oils belonging to the chaulmoogra group. 

It has been shown above (Chap. I. p. 18) that the naturally occurring 
triglycerides (as also a-monoglyceridcs and “ mixed diglycerides,” 
p. 11) may represent racemic compounds.^ 

With regard to the optical rotation of waxes cp. Vol. 11. Chap. XIV. 
under “ Carnaiiba Wax,” “ Beeswax,” and “ Rump Gland Wax.” 

It may also be pointed out that the optical examination in a polari- 
meter may assist in detecting optically active foreign substances. 
Thus in case a linseed oil be found to be strongly dextro-rotatory, the 
presence of rosin oil may be suspected. 


5. Microscopic Appearance 

Although the microscope has been frequently recommended for 
the examination of fats and oils as to their purity and the detection of 
adulterants, microscopical examination has until recently been of 
limited use only. It was chiefly employed in the detection of beef fat 
in lard. Latterly it has also been proposed for the detection of cocoa- 

^ Tlie statement made by Neuberg and Rosenfeld, that they resolved raonohexabromo- 
olein by means of a lipase into an optically active hexabromo- olein and an active 
dibromostearic acid, has been shown by Lewkowitsch {Ghem, Zeit., 1908, 64 ; Jahrbuch 
d. Ohemie, 1907, xvii. 409) to be erroneous. 
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nut oil in butter fat {Cesliro} Hinhs^). Some Belgian chemists, 
following Ceshro, seem to lay excessive stress on microscopic indications 
in the case of butter fat suspected of being adulterated with cocoa-nut 
oil. As this subject will be treated fully in Volume 11. of this work, the 
reader is referred to the sections “ Lard ” and “ Butter Fat.” 

Microscopic examination is of great assistance in the investigation 
of the unsaponifiable matter. Thus pure, well-crystallised cholesterol 
and sitosterol (phytosterol) can be easily distinguished from each other 
under the microscope (sec Chap. IX.). 

The application of the polarisation microscope to the examination 
of oils and fats was, up till now, more restricted still in practice, and 
appears to be limited to butter fat. 

The examination of butter fat under the polarisation microscope 
was first carried out by J. Brown (in 1874) for the detection of margarine 
in butter. The principle of the method (described below as the 
Brown-Tmjlor-Richanh method) cp. Vol. II. Chap. XIV. “ Butter Fat ”) 
is based on the property of ail optically isotropic substances {i.e. those 
which crystallise in the regular system, or which are amorphous) of 
being optically inactive under the polarisation microscope, whilst 
optically anisotropic crystals, a class to which appear to belong 
glycerides crystallising from the melted state, show different colours ^ 
under the polarisation microscope, in consequence of double refraction. 


6. Spectroscopic Examination 

With the exception of palm oil, the more important oils and fats 
are whitish or yellowish ; it is therefore impossible to detect any 
characteristic differences with the naked eye. On examining, however, 
the fats spectroscopically, characteristic absorption spectra arc observed. 
Although these are not due to the fatty substance itself, but to the 
presence of minute quantities of colouring matters, they may servo 
in some instances to distinguish different oils. Thus an admixture of 
vegetable oils with those of animal origin may be detected by the 
characteristic absorption bands which chlorophyll produces. Olive 
oil and linseed oil give three absorption bands — a very dark one in red, 
a faint one in orange, and a distinct one in green. Sesame oil produces 
a weak band in red, whilst castor oil gives no bands at all.* 

Chautard subdivided the fatty oils into two classes, active and 
inactive oils, according to whether they absorb certain prismatic colours, 
or allow them to pass through unabsorbed. 

Doumer groups the oils, according to their spectroscopical behaviour, 
into four classes : — 

1. Oils showing the spectrum of chlorophyll : olive oil, hemp seed 
oil, and walnut oil. 

^ Bull. Acad. roy. Belgique, 1907, 1004. Analyst, 1907, 160. 

3 Cp. also Wanters, Bull. Soc. Ohim. Belg., 1906 (19), 6. 

* Vogel, Praktisch.e S-pectral analyse, 1877, 279. H. Kriiss and P. Kriiss, Kolorimetrie 
und qmmtitative Bpektralanalyse im ihrer Amoendung in der Chevde ; L. Voss, 1909, 
Hamburg. 
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2. Oils without any light-absorbing power : castor oil and almond 

oil. 

3. Oils absorbing the “ chemical rays ” of the spectrum whilst the 

red, orange, yellow, and part of the green rays remain 
unabsorbed. On examining such oils, the spectrum from 
red to green appears, therefore, quite normal, whilst the 
other portions of the spectrum are invisible. To this class 
belong rape oil, linseed oil, and mustard seed oil. 

4. Oils showing absorption bands in the different parts of the 

spectrum : sesame oil, arachis oil, and cotton seed oil.^ 

Zwwc, who resumed the study of the spectroscopic behaviour of oils, 
adopts Chautard's classification.^ 

Lifschutz^ proposed a spectroscopic test for the detection of the 
smallest quantities of oleic acid, for which, however, there is no need 
in technical analysis. 

U nna and Golodetz ^ examined the absorption spectra given by 
cholesterol and isocholesterol ; they are of the opinion that it is possible, 
by a spectroscopic method, to recognise both cholesterol and iso- 
cholesterol in a solution of acetic anhydride. It is essential that free 
fatty acids be entirely absent, as they interfere very seriously with the 
absorption spectra of the cholesterols. 

Mareille,^ who recently studied the absorption spectra of oils, arrives 
at the conclusion that vegetable oils do not show any essential difference 
as regards absorption spectra, as the only substance which produces 
the spectrum is chlorophyll. Since olive oil contains a much larger 
amount of chlorophyll than seed oils, olive oil can be easily recognised. 
Hence Marcille proposes the spectroscopic method for the recognition 
of olive oil in preserved sardines. He is also of the opinion that the 
spectroscopic method would allow to distinguish between olive pulp 
oils (“ huiles de ressence ”) and the quality of oil represented by “ huiles 
de grignon ” (see “ Olive Oil,” Vol. II.). 

7. Colorimetry 

The measurement of the depth of colour docs not play as yet the 
same important part in the examination of oils and fats which it does 
in the case of mineral burning oils. The commercial valuation as 
regards colour is therefore mostly based on inspection with the naked 
eye. In the United States, however, greater importance is attached 
to the scientific measurement of depth of colour. Thus “ prime summer 
yellow ” cotton seed oil is graded on the basis of indications furnished 
by Lovihond’s tintometer (see Vol. II. Chap. XIV. “ Cotton Seed Oil ”). 
If colorimetric measurements should acquire greater importance, 
Lovibond’s tintometer is the instrument most likely to be adopted 
generally ; other colorimeters such as Stammer's, Laurent's, Gosse's, 

* Cp. Kenrick, Analyst, 1895, 136. ® Atuxlyse des Beiines, ii. 48. 

8 Zeits. /. phys, Ch^m., 1908 (56), 446. < liiocJiem. Zeits., 1909, 484. 

“ A7in. lies Falsi/., 1910 (3), 423. 
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Wolfs^ Heele-Gallenkamp'St and Wilson’s chromometer are used in 
the examination of mineral oils, but have not been applied yet generally 
to the examination of oils and fats.^ It may be added that Barhet 
proposed as a standard the colour shown by a one per mille iodine 
solution in a thickness of 1 cm. 


8. Viscosity 

Viscosity may be defined as the resistance the smallest particles 
offer to their sliding past one another, in other words, the viscosity of 
an oil is its internal friction. This internal friction by no means bears 
any known relation to the density of a liquid. A useful determination 
of the viscosity is based on PoiseuiUe’s law ^ of the flow of a liquid 
through a capillary tube. This law is expressed by the following 
formula : — 


where is the coefl5cient of the internal friction or viscosity ; 

p the pressure on the unit surface of the orifice of the capillary 
tube ; 

r the radius of the tube ; 

I the length of the tube ; 

V the volume of liquid that has passed through the apparatus 
in t seconds. 

This law holds good only if I = 2r. 

For practical purposes it would be too tedious to use apparatus 
having capillary efflux tubes ; hence, for the commercial examination 
of oils, the diameter of the efflux tube is usually taken somewhat large, 
and the height of the column of the liquid somewhat small. 

The viscosity is usually determined by ascertaining the times 
two equal volumes of the liquids under comparison take to flow through 
a narrow aperture under exactly the same conditions. It should be 
noted that the numbers so obtained are entirely arbitrary, giving no 
information as to the internal friction of the oils. Different apparatus 
— “ viscosimeters ” — give entirely differing numbers. Nevertheless, 
such numbers can be employed usefully for the identification of different 
oils. 

For a rough comparison, it may suffice to use a wide glass tube 
drawn out, at the lower end, to a narrow aperture about 2 mm. in 
diameter and having upper and lower marks for the exact measurement 
of the volume of liquid. 

In the earliest experiments, carried out by Schilbler, a glass tube of 

^ Cp. also Procter, Journ. Soc. Ghent, Ind., 1910, 666 ; Autenrieth and Konigsberger, 
Zeits. f. ang, Ghem., 1912, 1169. 

^ With reganl to the determination of the absolute viscosity cp. Vol. III. Chap. XV. 
“Lubricating Oils— Lubricants.” Apparatus for the determination of the internal 
friction have been constructed by Polseuille, Petroff, Traube, and Guchmann. 
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2 cm. diameter and 10 cm. height, having attached to it a narrow tube 
of 1-6 mm. diameter, was employed. The results are reproduced in 
the following table : — 


Name of Oil. 

Number of 
Seconds reciuired 

at 

Viscosity at 

+16* R. 

+7-6* R. 

+15* R. 

+7-6* R. 

CftstoT oil . 

1830 

3390 

208*3 

877*0 

Olive oil . 

195 

284 

21-6 

81*6 

Colza oil . 

162 

222 

18-0 

22*4 

Winter rape oil . 

169 

204 

17*6 

22*6 

Beechnut oil 

158 

237 

17*6 

26*8 

White mustard oil 

157 

216 

17*4 

24*0 

Almond oil 

150 

209 

16*6 

23*8 

Summer rape oil 

148 

205 

16-4 

22*7 

Rape oil . 

142 

200 

15-8 

22-2 

Mustard seed oil 

141 

175 

15-6. 

19-4 

Summer nibsen oil . 

136 

198 

16-1 

22-0 

Poppy seed oil . 

123 

166 

18-6 

18-3 

Cameiino oil 

119 

160 

13-2 

17*7 

Sunflower oil 

114 

148 

12-6 

16*4 

Peach keiiiel oil 

93 

132 

10-3 

14-7 

Walnut oil' 

88 

106 

9-7 

11-8 

Linseed oil . 

88 

104 

9-7 

11*6 

Hemp seed oil . 

87 

107 

9*6 

11*9 

Distilled water . 

9 

9 

10 

1*0 


On dividing the number of seconds required for an oil by that 
required for water at the same temperature, a number was obtained 
which was termed specific viscosity^ or in short, viscosity. Thus the 
viscosity of castor oil, according to Schiiblery was = 203-3 at 15° C. 

In practice, the viscosity of oils is frequently compared with that 
of rape oil. Redwood ^ found, from a number of tests carried out with 
refined rape oil in his viscosimeter, that 535 seconds may be considered 
as the average number required for the outflow of 50 c.c. of refined rape 
oil at 60° F. (15-5° C.). 

Taking rape oil as a standard, and putting its viscosity = 100, the 
viscosity of any other oil under examination would then be found by 
multiplying the number of seconds required by the outflow of 50 c.c. 
by 100, and dividing by 535. In case the sample has a specific gravity 
differing from that of rape oil — 0-915 at 60° F . — Redwood introduces a 
correction by multiplying the result by the specific gravity of the 
sample, and dividing by 916. If n be the number of seconds for an 
oil under examination, and s its specific gravity, the following formula 
is arrived at : — 


Vi 8 C 08 ity= 


n X 100 X X 100 X 8 
636 x 916 “ 489625 ‘ 


Since, however, there is no correlation between specific gravity 
^ Joum, Soc. Chem. Ind., 1886, 127. 
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and viscosity (see above), I consider it more useful to record the numbers 
as obtained by direct determination of the viscosity. 

Engkr uses water as the standard liquid ; 200 c.c. of water at 20° C. 
require 53 seconds to flow through his apparatus. If n be the number of 
seconds required by an oil under the same conditions, the quotient 
represents the “ specific viscosity ” of the oil in Enghr’s apparatus. 

In order to obtain comparable results, complete uniformity of 
construction in apparatus is essential. Passing over a number of 
forms of apparatus that have been proposed from time to time,^ I 
shall describe only three — those of Redwood, of Saybolt, and of Engler. 
The first apparatus has been adopted in this country by the War 
Department, the principal Railway Companies, and the Scottish Mineral 
Oil Association ; the second is used privately, ^ but not officially, in the 
United States ; * and the third occupies, in Germany, a position similar 
to that of Redwood's in this country. Barbey's “ Ixometre ” is used in 
France. A description and illustration of this instrument will be 
found in the French edition of this work.'^ In Russia the Lamansky- 
Nobel apparatus is in general use.^ 

Redwood's viscosimeter^ (Fig. 29) consists of a silvered copper 
oil-cylinder C, about IJ in. in diameter, by about 3 J in. in depth. The 
bottom of this cylinder is provided with an agate jet D, the cup-shaped 
cavity of which can be closea by means of the plug E, formed of a 
small silvered brass sphere attached to a wire. Inside the oil cup and 
at a short distance from the top there is fixed a small bracket F, termin- 
ating in a point. This serves as a gauge of the height to which the oil 
must be filled. A thermometer T is immersed in the oil and supported 
by means of a clip holding the plug E. The cylinder C is surrounded 
with a copper jacket J, having a closed side tube K, by means of which 
the liquid in the jacket can be brought to any desired temperature. 
The heated liquid rising from K is uniformly distributed through the 
bath by means of a revolving agitator worked by the handle II. The 
temperature of the liquid is controlled by the thermometer T'. The 

^ Dollfus, Lingl. Polyt. Jimrn. 153, 231 ; Vogel, ibid. 168, 267 ; Fischer, ibid. 
236, 487. Lepeuau, ^eils. /. aiudyt. Ohevt. 24, 465 ; Naiuer, ibid., 1896, 361. 8ee 
also Rcilvvood, Juum. Soc. (them, hid., 1886, 121 ; Mills, ibid., 1886, 148 ; Hurst, ibid., 
1892, 418 ; Neumann-Wendcr, ibid,, 1895, 596 ; Killing, ibid. ; Redwood, Petroleum, 

1896, vol. ii. pp. 602-620. Meggitt, Jmim. Sue. Chem. Jnd,, 1902, 106. For Coleman- 

Archbutt’s viscosimeter see Arehbutt and Deeley, Lubrication and Lubricants, p. 140 ; 
cp. also Hackel, Mitt. d. K. K. Technol. Oeu'crbe- Museum, Vienna, 1905, xv. 36, 44 ; 
Courtois’ United States patent 788,251. Chenovier, M6in. de la Soc. des Sciences phy.’i. 
et nat., Bordeaux, 1887, iii. 405. Schulz-Kolin, Ghem. Zeit., 1908, 891 ; French 
patent 388,671 (W. H. Ilouston) ; K. Arndt, Zeit. /. Chem, Apparatenkunde, 1908, 
473, 500, 521, 549. W. Graff & Co., and H. Mikorey, German patent 207,177 and 
207,178 ; Add. patent to patent 205,235; Chem. Zeit. Rep., 1909, 178; A. Baldus, 
Engli.sh patent 22,961, 1910 ; I. Kurzmann, a new Multi-viscosimeter, Chem. Zeit., 1913, 
234. See footnote 4, p. 352. 

* Some Railway Companies in the United States use Doolittle’s Torsion Viscosimeter. 

^ Lewkowitsch, Technoloyie et analyse chimiques des huiles, graisses et cires, 
traduit par E. Bontoux, Paris, 1906, p. 276. A table containing a number of 
observations will be found ibid, p, 283. 

® Lamansky, iJingl. Polyt. Joum. 248, 29. Lamansky’s viscosimeter has been 
improved in the Nobel, [refineries at Baku, cp. Chem. Rev. iiber Felt. u. Ilarz-lndustm, 

1897, 90. ® Joum. Soc. Chem. Ind., 1886, 126. 



V 


VISCOSIMETER 


351 


whole instrument is supported on a tripod stand provided with levelling 
screws. Fig. 30 represents a plan of Fig. 29. 




The viscosimetric observation is made in the following manner : — 
The copper jacket is filled with water, for temperatures up to about 
96® C., and for higher temperatures with a suitable mineral oil, to a 
height corresponding with the pointer F in the cylinder C. After the 
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liquid in the bath has been heated to the required temperature, the 
sample of oil, purified and dried, and previously brought to the same 
temperature, is poured into C, until its level just coincides with the 
point of the gauge. Great care must be taken that this level be reached 
exactly, and that the temperature remain constant during the observa- 
tion. A narrow-necked flask, holding 50 c.c. to a point marked on the 
neck, is then placed beneath the jet in a vessel containing a liquid of 
the same temperature as the oil. The 
plug is then raised, and the number of 
seconds required for 50 c.c. of the oil to 
flow out is carefully observed by means of 
a chronometer. At least two tests should 
be made at the same temperature ; if due 
care has been exercised, the two observa- 
tions will be found closely concordant. 

Allen ^ modified Redwood’s viscosimeter 
with a view to maintaining a given head 
of oil throughout the experiment.^ For 
this purpose the top of the oil-cylinder 
(Fig. 31) is fitted with an air-tight cap per- 
forated by two holes, one of which is 
furnished with a tap B, whilst into the 
other a tube is screwed air-tight. This 
tube C is prolonged on two sides till it is in 
contact with the agate orifice, whilst the 
angles of the inverted V-shaped slits, cut 
on each side, terminate at a definite height, 
D, above the orifice. The cylinder is com- 
pletely filled with oil before commencing an experiment, the tap B is 
closed, and the orifice opened till the oil sinks in the inner tube to 
the level D. Air then bubbles in regularly at D, and rises into the closed 
space above the oil ; when this is observed to happen, the oil is collected 
in a graduated cylinder. When using this apparatus, there is no necessity 
to collect exactly 50 c.c., because the oil runs through at a constant rate. 

The same principle has been adopted by E. Schmid ® in the improved 
Reischauer viscosimeter (see Fig. 32). 

These modified viscosimeters have, however, not been recognised 
officially. 

SayhoWs viscosimeterA The oil vessel of this apparatus is placed 

^ Journ. Soc. Chern. Ind., 1886, 131. 

® For another “ Constant Pressure Viscometer” cp. W. H. Patterson, Proceed. Ohem. 
Soc., 1913, 172. 3 1885, 1514. 

The description of this viscosimeter is taken from Redwood, Petroleum, vol. ii. 
p. 608. Saybolt’s viscosimeter is not obtainable in commerce ; it seems to be used 
exclusively, and privately, by the chemists of the Standard Oil Company. It is stated 
{Chemical Engineer, 1906, January) that three forms of the Saybolt viscosimeter. A, B, 
and 0, are used. A serves for the examination of lubricating oils for dynamos and light 
machinery at 70® F. ; B for the examination of dark, heavier, and more viscous oils at 
70® F. ; C for the determination of the viscosity of cylinder oil at 200® F. Tagliabue’i 
viscosimeter is an improvement of the Saybolt viscosimeter in so far that only one 
instrument is required for the examination of all kinds of oil. 
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in a water-bath of considerable capacity. The jet of the viscosimeter 
is of metal, and is enclosed in a tube extending below the orifice. The 
oil vessel is contracted, as shown (Fig. 33), above the jet, and is cut 
away longitudinally on each side, to expose a glass tube which lines it. 



Glass windows are provided in the water-bath. The upper edge of 
the oil vessel is fitted with an oil-tight gallery having a raised edge, 
and communicating by a number of small holes with the oil vessel, 
which extends to the same level as the top of the gallery. For use, 
the water-bath is filled with water at the required temperature, a cork 
VOL. I 2 A 
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inserted in the mouth of the tube enclosing the jet, and the vessel 
filled with the sample of oil, until it overflows through the holes into the 
gallery. The oil is then stirred with a thermometer, and the temperature 
adjusted if necessary. On withdrawing the thermometer, the oil 
which it had displaced flows back from the gallery ; the latter is then 
completely emptied by means of a pipette. The length of the oil 
column is, of course, determined by the position of the holes connecting 
the oil vessel with the gallery. The flow of oil from the jet is started 
by withdrawing the cork, and a stop-watch is set in motion. The 
watch is stopped when the operator sees the surface of the oil through 
the glass tube above mentioned. 



Englers viscosimeter ^ in its latest form, as designed by him in 
conjunction with the officials of the Charlottenburg Mechanisch- 
Technische Versuchsanstalt, is shown in Fig. 34. The oil vessel, A, 
is, as a rule, made of sheet brass ; for accurate determinations it is 
prescribed to use a viscometer, the inner surface of which is gold-plated. 
The vessel is closed by a cover, A', perforated by two holes, into one 
of which the thermometer t is fitted, whilst the other serves to receive 
the plug h. The delivery tube a projecting from the convex bottom of 
the vessel A must be exactly 20 mm. long, and 2’9 mm. in diameter at 
the top and 2 '8 mm. at the bottom.^ The delivery tube is preferably 
made of platinum, as in course of time brass is attacked even by neutral 
oils. The plug h is made of hard wood. Three pointers c serve the 

' Journ. Soc. Ghem. Ind.^ 1893, 292. 

“ With riigard to the inttiience of small deviations from the dimensions given above 
cp. W. Meissner, Ghem. liev.y 1910, 202. 
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double purpose of indicating the correct level of the apparatus and of 
marking the exact volume of 240 c.c. The vessel A is jacketed, vessel 
B serving as a receiver for mineral oil, which may be heated up to 150° 
C. by means of gas supplied through tube d. As shown in the figure, 
this jacket also surrounds the delivery tube a, thus preventing loss of 
heat whilst the oil flows out. The instrument is fastened on to tlie 
tripod D. Flask C bearing two marks on the neck for 200 c.c. and 
240 c.c. respectively is placed under the efflux tube. 

Eiigler lays the greatest possible stress on the necessity of strictly 
adhering to the measurements given in Fig. 34.^ 

Recently Engler's viscosimeter has been somewhat modified by 
the introduction of a stirring apparatus.^ 

In order to test the instrument, the time taken by the outflow of 
200 c.c. of water at the temperature of 20° C. is first determined. Vessel 
A is cleared with ether or petroleum ether and rinsed out with alcohol 
and water. Tube a is wiped out by means of a feather or filtering 
paper, and closed with the plug h. With the aid of the flask C, 240 c.c. 
of water are measured off and poured into vessel A. This should then 
be adjusted exactly up to the level of the pointers c. The mineral oil 
in B is warmed to 20° C. The water in A must have the same tempera- 
ture. Tlie dry flask C is placed under the delivery tube a, and when 
the temperature has remained constant, the plug is drawn and the time 
carefully noted (by means of a chronometer) which is required to fill 
the flask C up to the 200 c.c. mark. It is most important that the 
water in A should be completely at rest before the plug is drawn. The 
time required should be from 51 to 53 seconds for a correct instrument ; 
repeated observations should not differ by more than 0’5 of a second. 

Before an oil is examined, every trace of dirt and moisture must 
be removed from A by wiping out (;arefully and rinsing successively 
with alcohol and ether (or petroleum ether) ; finally the apparatus 
should be rinsed out with the filtered and dried oil. The oil is then 
poured into A, up to the pointers c, and heated to the desired tempera- 
ture, at which it must be kept for at least two or three minutes before 
it is allowed to run out. 

The following table gives a comparison of results based on a number 
of experiments with the three viscosimeters : ^ — 

^ “ The iionn.il apparatus ” is niamifactured uinler the joint control of the Charlotten- 
l)urg Technische Aiistalt and the Karlsruhe Cheinisch-Technische Versuchsanstalt, and 
may be also had from C. Desaga of Heidelberg. According to Engler’s statements, 
apparatus from other sources are not imule with the reipiisite care, and give discordant 
results; cp. W. Meis.sner, Chem. Rev., 1910, 1202. 

“ Ubbelohde, Chejn. ZeAL, 1907, No. 4 ; cp. also ibi/l. No. 3, and Ubbelohde, 
Tabellen, zum Knqlerschen Viskosimeter, Leipzig, 1907. 

* Redwood, Petrohim, vol. ii. p. 610. 
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Viscosimeter. 

Seconds for outflow of 

60 C.C. at 70° F. 

200 c.c. at 20° C. 

Redwood’s . 

100 


Saybolt’s 

56 


Engler’s 


170 


W. Meissner ^ gives the following table of comparison : — 




SccoikIs for Outflow in Viscosinu 

tors. 


At 

— 





-G. 

En"lor’s 
2(Xi c.c. 

Eiif'lpr’s 
•JtKj c.cr. 

60 c.c. 

Sayliolt- 
“ LjiiiviT.sal ” 
flo c.c. 



Water .... 

20 

r)i-2() 

51 -39 

20-47 

28-.55 

Rape oil . 

.50 

23(M 

237-0 

142-5 

109-1 

Rape oil , 

20 

73.5- 1 

730-0 

424-5 

1 51.5-0 

Lubricating oil 

1.50 

302-3 

302-9 

221-1 

I 2.58-0 

Lubricating nil 

120 

2525 

2527 

i 

1490 

1 1759 


It will be seen that Enrjler's viscosimeter requires much more time 
than either of the other two apparatus. The proposal has therefore 
been made to shorten the time by noting the number of seconds after 
50 c.c. or 100 c.c. have run out, and multiplying the number of seconds 
by empirically found “ constants,” ^ Surely, it would be much simpler 
to use an apparatus based on the outflow of 50 c.c. 

As a rule, the viscosity of a lubricating oil is determined at a temj)era- 
ture approximating to that at which the oil is actually used. Since 
Engler’s viscosimeter has been found unsuitable for observations at 
elevated temperatures, E7i(jler and Kiinkler ® designed a “ viscosimeter 
for examination of oils under constant temperature.” This instrument 
is represented by Fig. 34. It is an octagonal jacketed air-bath made 
of sheet brass, 35 cm. high and 20 cm. wide. The feet a stand in the 
ring of a tripod, and the level of the air-bath can be adjusted so as to 
control the level of the liquid in the viscosimeter itself, which is con- 
tained in the upper portion of the bath. The flame of a Bunsen burner 
is made to impinge on the arched copper plate b, protected by a sheet 
of asbestos. Above this is placed the tripod c and the measuring 
vessel e, supported by d, and protected from direct radiation from b 

* 1 Chem. Revue, 1912, 33, 44 ; 1913, 123. 

^ Singer, Chevi. Rev. uber die Felt- u. llarz-Jndustrie, 1807, 93, shows that the 
'' constants” 5 for 50 c.c,, and 2'34 for 100 c.c., give results agreeing with tliose found 
when allowing 200 c.c. to r«m out ; L. Edeleami and S. Dulugea propose to run out 
20 c.c. only, Chan. Rev., 1910, 299; cp. also Offerniann, Chem. Rev., 1911, 272. 

Journ. Soc. Chem. Ind., 1890, 654. 
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by fche asbestos plate /. Above this is the dividing plate g, supporting 
the four oval tubes i and the viscosimeter Jc. Plate g is perforated by 
the large hole h, through which the oil flows into the measuring vessel. 
Circulation of hot air into the upper chamber takes place through h, 
as also through the four oval tubes i. Through the cover of the instru- 
ment pass the thermometers u, s, the axis of the stirring apparatus 
with the plug t for the delivery tube, and the jacketed funnel v for 
introducing the oil, previously heated to the required temperature 
in the can H, which is also provided with a stirring apparatus and a 
thermometer fixed in its hollow axis. Windows I and m are fixed in 
the cover and also in the side ; so that the level of the oil in the viscosi- 
meter and the flow of the oil into the measuring vessel e can be observed. 



The method of using the instrument, and the manipulations required 
for making an observation, need no detailed description. The fact that 
the apparatus satisfies the required condition of constant temperature 
is proved by the following observation : If the empty viscosimeter be 
heated to 100° C., the temperature is equable and constant in all parts 
of the bath, with the exception of the lowest stratum of air in k itself, 
owing, no doubt, to the absence of circulation. This drawback, how- 
ever, disappears with the introduction of the oil. At temperatures 
exceeding 100° C., the air above the oil vessel has a somewhat lower 
temperature, but the difference does not amount to more than 4° C. 
at 150° C.i 

^ A similar })rinciple is made use of in Marten’s viscosimeter, Mitt. KOnigl. Technisch, 
Versuchsanst.f Jlerliii, 1889, Erganzuugsheft, v. 6. 
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A description of Kunkler^s viscosimeter for the examination of 
small quantities of lubricating oils will be given in Vol. III. Chap. XV. 

Trauhe ^ condemns the viscosimeters described here on the ground 
that, theoretically, it is not permissible to compare the respective times 
of delivery of heavy and light oils, and still less the times of delivery 
of oils and water observed in one and the same apparatus. For a 
description of the apparatus by which Trauhe proposes to replace the 
viscosimeters at present in use, the reader must consult the original 
paper. 

The viscosirnetric examination of fatty oils docs not furnish results 
of a discriminative nature, and the somewhat exaggerated details, the 
observance of which is recommended especially with the Engler 
viscosimeter, vastly overestimate the practical importance of the 
viscosirnetric determination ; ^ only sperm oil, a liquid wax, is very 
characteristic in this respect (cp. Vol. IT. Chap. XIV.). For this reason 
sperm oil was used as the standard lubricant for all classes of light 
machinery before the use of mineral oils had become general. 

The following tables give the viscosities of sperm oil, of some fatty 
oils, and of mineral oils largely used for lubricating purposes. It will 
of course be observed that the figures given by different observers 
vary. This is no doubt due to the dilference of the specimens under 
examination. 


’ Jonrn. Chm. Ind., 1887, 4M. 

“ Cp. W. Meissner, Chem. Rev., 1910, 202. 
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Fiscosify of some Fatty and Mineral Oils in Redwood's Viscosimeter 


50 c.c. of water at 60“ F. require 2rj‘5 seconds. 


•F. 

Rape 

Oil, 

Re lined. 

Sperm 

Oil. 

Neat’s 
Foot Oil. 

Beef 

Tallow. 

American Mineral Oil. 

Russian Mineial Oil, 

Sp. qr. 
0-S85. 

Sp. gr. 
0-913. 

Sp. gr. 
0-9‘i3. 

Sp. gr. 
0-909. 

Sp. gr. 
0-915. 

Sp. gr. 
0-884, 

50 

712-5 




145-0 

425-0 

10.30-0 

2040-0 

2520-0 


60 

540-0 

177-0 

470-0 


105-0 

295-5 

680-0 

1235-0 

1980-0 


70 

405-0 

136-8 

366-0 


90-0 

225-0 

485*0 

820-0 

1320-0 


80 

326-0 

113-0 

280-0 


73-0 

171-0 

375-0 

580-0 

900-0 


90 

260-0 

96-0 

219-25 


63-5 

136-0 

262-0 

426-0 

640-0 


100 

213-5 

80-5 

174-75 



54-0 

111-0 

200-0 

315-0 

440-0 

1015-0 

110 

169-0 

70-5 

147-4 


50-0 

89-5 

153-0 

226-0 

3.35-0 

739-5 

120 

147-0 

60-5 

126-0 


47-0 

78-0 

126-0 

174-0 

245-0 

531-0 

130 

123-5 

57*0 

112-0 


44-75 

63-5 

101-0 

135-5 

185-0 

398-5 

140 

105-5 

50-75 

88-4 


41-0 

58-0 

82-0 

116-0 

145-0 

317-5 

150 

95-5 

49-0 

75-5 

... 

37-5 

52-0 

70-5 

95-0 

115-0 

250-0 

160 

85-0 

47-5 

70-0 



46-0 

63-5 

83-5 

93-5 

200*0 

170 

76-0 ! 

46-0 

62-0 




58-0 

70-5 

77-5 

161*0 

180 

69-0 

44-5 

56-5 




52-5 

61 -5 

67-5 

134*5 

190 

64-5 

43-0 

53-0 




47-0 

56-5 

61-0 

115-5 

200 

58-5 

42-0 1 

.50-4 

54-75 



42-0 

48-5 

64-0 

99-25 

210 

54-0 

40-75 

48-5 

... 



40-0 



85-0 

2201 

50-0 

39-0 1 

47-0 

... 



38-0 


... 

77-0 

230 

47-25 

36-75 

45-8 







70-5 

240 

45-5 

35-75 

44-6 







64-5 

250 

43-25 

34-75 

44-0 

40 






59-25 

260 


33-75 

43-5 







54-0 

270 


32-75 

43-0 





... 


48-5 

280 


31 -85 

41-5 







46-5 

290 


30-75 

41-0 

... 






44-25 

300 


30-0 

38-0 

... 






42-4 

310 


... 

35-0 








320 


... 

33-8 
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Specific 
Gravity 
at 00* F. 

Viscosity 

(Redwood's Viscosimeter). 

Flash 

Point. 

Close 

Test. 

Cold 

Test. 



70* F. 

120* P. 

180° F. 

•F, 

•F. 

Refined Mineral Oih—^ 

Scotch .... 

0-890-0-895 

Standa 
Sperm € 
100-130 

nl for Viset 
il at 70° F. 

40-60 

sity. 

= 100. 

820-3.50 

82 


0-885-0-890 

75-100 

85-40 


800-326 

82 


0-875-0 -880 

60-00 

25-30 


300-325 

32 

American .... 

0-915-0-920 

400-426 

90-100 

35-40 

375-425 

82 


0-905.0'910 

200-225 

65-65 


850-400 

32 


O-SS.'i-O-SOO 

75-100 

36-40 


825-350 

82 


0-875-0-8S0 

65-76 

80-35 


3-25-350 

82 

Russian .... 

0-910-0-915 

1200-1500 

200-250 

50-70 

400-425 

25 


0-905-0-912 

700-800 

125-150 

45-50 

350-375 

25 


0‘895-0'000 

220-250 

60-05 


325-350 

15 


0-895-0-900 

125-175 



800-825 

10 

Natural (dark) Mineral Oih~ 
American snininer, dark . 

0-890-0-895 

Standa 

Tallow 

rd for Vise 
at 180° F. 

250-300 

xsitv. 

= 100. 

70-75 

400-125 

40..50 

,, medium . 

0-880-0-8S5 

65d-"700 

110-125 

40-50 

360-400 

25-30 

,, winter 

Russian residuum . 

0-880.0-885 

350-400 

90-100 

35-40 

325-375 

25-‘J0 

0-910-0-915 

750-1000 

1.50-200 

45-60 

250-300 

26-30 

Natur(d, and Filtered Mincrid 
Oils— 

American heavy dark 

0’!)00-0-005 


1750-2000 

850-400 

600-.560 

40-45 

, , extra dark 

0-900-0-905 


2000-2.500 

400-450 

525..575 

35-40 

,, medium dark . 

0-895-0-900 

•• 

rJOO-1400 

800-3.50 

500-525 

40-45 

,, tieavy filtered . 

0-890-0-895 


1400-1.500 ! 

300-350 

500-550 

t4).70 

„ medium filtered 

0-S90.0-805 


1000-1200 1 

250-300 

.500-5-25 

05-70 

„ light filtered . 

0-885-0-890 


885-1000 ! 

200-260 

450-500 

75-80 

„ fluid filtered 

0-885-0-890 


1200-1400 

300-8.50 

.500-55() 

40-45 

” ” ” 1 

0-885-0-890 


900-1000 

225-275 

450-500 

45-60 

] 

Southern sperm oil 

0-6807 

100-1 

45-4 


457 -.5* 

41-7 

Arctic sperm oil . 

0-8804 

105-3 

47-2 


44G-2* 

39-2 

White whale oil . 

0-9207 

187-7 

71-3 


4"C-0*' 

27-2 

Neat’s foot oil ... 

0-9178 

247 

82-4 


470-3* 

34-4 

Urdoil 

0-9172 

223-2 

79-4 


493 -9 » 

89-6 

Olive oil 

0-9167 

213-2 

75-0 


437-6* 

27 

Rai )0 oil, East India, refined. 

0-916 

250-4 

88-1 


478-6* 

26-4 

„ ( Black Sea, refined . 
Cotton seed oil, refined . 

0-9209 

226-9 

78-8 


465-4* 

27 

0-9235 

190-4 

69-8 


523 * 

30 

Ca.stor oil ... . 

0-963 

2500 

890 


487 * 

0 


1 Cp. Carpfnter-Lcask, pp. 26:J-2P1. 


* Mnan Valtu's. 


Viscosities of soine Oils and Fats (Crossley and Le Sueur) 


Kind of Oil. 

Number of Seconds 
in Redwood’s Vis- 
cosimeter, 50 c.c. of 
water at 70’ F. 

= 25-4 Seconds. 

Kind of Oil 
or Fat. 

Number of Seconds 
in Redwood's Vis- 
cosimeter, 50 c.c. of 
water at 70° F. 

= 25-4 Seconds. 

Linseed 

212 

Garden cress 

322 

Tung . 

858-143.3 

Radish seed 

885 


(water 28 sec.) 

* Arachis 

307-429 

Walnut 

232 

1 Olive . 

312 

SafHower 

249 1-294 

Mahua 

90-107 

Pofipy seed . 

254-259 

Phulwara 

110-4 

Amoora 

376 

Malabar tallow . 

101-104 

Niger seed . 

283-293 

Kokura butter 

101 

Argemone . 

269-272 

Cocoa nut ; 

64 
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Kind of Oil or Fat. 

Specific 
Gravity at 
17 -6* C. 

ViKCoaity (Engler-» ViscoBiiiieter). 

20* C. 

60“ C. 

100“ C. 

160“ 0. 

Rape oil, cnulo 

0-920 

9-03 

4*0 

1-78 

1-34 

Rape oil, refined 

0-911 

11*88 

4*9 

2-05 

1*40 

Olive oil . 

0-914 

10*3 

3*78 

1-80 


Castor oil . 

0-963 


16*46 

3*01 


Linseed oil 

0-930 

6*36 

3*2 

1*76 


Tallow 

0-9.''>l 


5*19 

2-50 

1*73 

Neat’s foot oil . 

0-916 

li-b 

4*44 

1-92 



Kind of Oil or Fat 

Specific 
Gravity at 
17*5“ C. 

Flash Point. 
“C. 

Viscosity 

(Engler’s Viscosimeter). 

At .00“ C. 

At 100“ C. 

Russian cylinder oils 

0*911-0-923 

183-238 

10-2.16-2 

2-0-2-8 

,, machine oils 

0-893-0-920 

138-197 

5-8-6*3 

1*6-1*8 

,, spindle oils. 

0-893-0-895 

163-167 

3*l-3*4 

1*4-1 -5 

American cylinder oils 

0-886-0*899 

280-283 


4 *1-4 *8 

,, machine oils . 

0-884-0-920 

187-260 

4-2 

1 ‘6 

,, spindle oils 

0-908-0-911 

187-200 

3 *1-3 -3 

1 *4-1*6 

Rape oil, crude 

0-920 

265 

1*0 

1-7 

,, ,, refined 

0-911 

305 

4-9 

2-0 

Olive oil 

0*914 

305 

3*7 

1-8 

Castor oil .... 

0-963 

275 

16-4 

3-0 

Linseed oil ... . 

0-930 

285 

3-2 

1-7 

Tallow 

0*951 

265 

5*2 

2-5 1 

J 


A correlation between viscosity and iodine value is shown in the 
following table due to Crossley and Le Sueur : - 


Kind of on. 

Iodine Valve. ' 

Arachis 

92*43 

98*42 


98*47 


100*82 

Argemono .... 

119*91 

122*53 

Rape 

94*10 

96*66 


96-75 


96-25 


101-82 


101-84 


Viscosity 


Number of Seconds 
at 70* F. 


429-3 

347-0 

350-1 

306-9 

272-0 

268-9 

464-6 

413-8 

402-0 

393-2 

379-3 

371-8 


This correlation, however, is not shown by the numbers recorded 
in the preceding tables. 

^ Joum. Soc. Chem. Ind.y 1898, 990. 
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The viscosity of a mixture cannot be calculated from the viscosities 
of the components ; in other words, viscosity is not an additive property. 
F. Schulz ^ lias calculated an empirical formula for Fnghrs viscosimeter, 
basing himself on three experiments made with oils of widely differing 
viscosities as measured in Engler's apparatus. 

Such an empirical formula may prove useful in practice, if it be 
required to prepare for commercial purposes (tenders) a mixture of a 
predetermined viscosity. //. (7. Sherman, T. T. Gray, and H. A. 
Hannnerschlay “ also find that the Engkr viscosity numbers were always 
lower than calculation would indicate. 


9. Consistence 



m 


It has been pointed out already that any attempt to base a classifi- 
cation of oils, fats, and waxes on their consistence must lead to failure. 

The consistence of a fat is implicitly given by its melting 
and solidifying points. 

Hence methods employing consistence as a means 
of examination have very limited application, and at 
best can only be used to discriminate vai ious specimens 
of one and the same kind of oil. But even in those 
cases the determination of the solidifying and melting 
points of the oils themselves, or of their fatty acids, 
leads to more decisive results. 

The first attempts to employ the determination of 
the consistence for analytical y)urposes were made by 
Serra Carpi and by Ijcgler ; in both cases the method 
was proposed chiefly for the examination of olive oil. 

Serra Carpi^ places on olive oil, previously cooled 
to - 20° C. for three hours, a cylindrical iron rod 2 mm. 
in diameter and 1 cm. long, and conical at the bottom. 
Weights are then put on to the rod imtil it sinks 
completely into the fat. Thus, for ])ure olive oil 1700 
grms. and for cotton seed oil 25 grms. were re({uii ed. 

Whilst Serra Carpi examines the oil itself, Legler 
proposes to treat it first with nitrous acid so as to ])ro- 
duce the harder elaidin (see “ Elaidin Test,” Chap. VII.). 
He recommends the apparatus ^ shown in Fig. 36, which 
consists of a strong glass tube A, wherein a stout glass 
rod is allowed to slide. The rod is widened at a into 
a disc holding down a spring, which easily responds to 
a weight of 20-50 grms. placed on the top B. The 
point to which the gla.ss rod sinks by its own weight 
is marked on the rod by 0 ; from there upwards, marks 
indicating millimetres are scratched on the rod. The 
same principle and substantially the same apparatus have been recom- 


Fig. 3fi. 


Chem. Revue, 1909, 297. ^ Jowrn. Riyc. Cliem. Ind., 1909, 13. 

3 Zeits. f. analyt. Cfiem. 23, 566. 
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mendod by Brulle ^ (for the examination of butter). Sohn ^ proposes 
three forms of apparatus, and lays down the following rules, strict 
adherence to which he enjoins ; — 

(1) The rod must descend in an absolutely perpendicular direction. 

(2) It must slide in its bearing with the least possible friction. 

(3) Conditions of temperature must be constant. 

(4) Vessels of one diameter must be used for the material under 

examination. 

(5) The rod must enter the centre of the vessel, or at a fixed distance 

from the circumference. 

(6) The same depth of material must always be used. 

(7) The material must be allowed to rest a certain fixed time before 

testing. 

With regard to testing the consistence of polymerised tung oil, 
cp. Vol. II. Chap. XIV. under “ Tung Oil.” 


10. Solubility 

Oils and fats dissolve readily in ether, carbon bisulphide, chloro- 
form, carbon tetrachloride, benzene, petroleum, and p(*troleum ether. 
The differences as regards solubility, however, are not so pronounced 
that individual oils and fats can be thereby differentiated. 

Hence, methods such as that recommended by Horsley ^ to differ- 
entiate butter fat from lard by the different solubility in organic solvents 
are either useless or of very limited applicability, and should only be 
resorted to in case all other methods fail. In BjorklmuVs ether test 
(see Vol. II. Chap. XIV. “ Cacao Butter ”), or after a systematic 
fractionation of glycerides has been carried out with a view to obtaining 
pure glycerides (see Chap. XII.), differences in solubility furnish useful 
indications. In this connection it should be noted that diglycerides 
are much more insoluble in petroleum ether than are triglycerides.'* 

Castor oil differs from all other natural oils and fats by its compara- 
tive insolubility in petroleum ether and paraffin oil (see Vol. II. Chap. 
XV. “Castor Oil”). 

Castor oil further differs from all other oils and fats, which are 
nearly insoluble or very sparingly soluble in alcohol at the ordinary 
temperature,^ in that it is readily soluble in alcohol. 

The solubility of most oils and fats in absolute alcohol at 15° C. 
does not exceed 2 per cent. The solubility in 96 per cent alcohol, 
or in more dilute alcohol, is smaller still.® 

Oils and fats containing glycerides of the lower fatty acids, e.g. 
porpoise oil, cocoa nut oil, palm nut oil, and butter fat, arc considerably 
more soluble in alcohol than are those oils and fats which consist chiefly 

^ Journ. Soc. Chem. Jnd., 1893, 717 ; cp. also Klein, MilchiviHhsclKtftL ZeniralbL^ 
1907 (3), 282. Amlyst, 1893, 218. 

Ohevi. ^^ews, 1861, 230. •* 0. Corelli, Inaug. Dissert., Zurich, 1909. 

® Cp. A. J. J. Vaiidevekle, Bull. Sue. Chim, Beige, 1911 (26), 210. 
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of glycerides of oleic, palmitic, and stearic acids, Triacetin is easily 
soluble in alcohol. On this behaviour Mecke, Morrschock, as also 
Arnold, based a method for the detection of cocoa nut oil and palm 
nut oil in lard (cp. Vol. II. Chap. XIV. under “ Lard,” also under 
“ Butter Fat ”). On treating such fats as lard, tallow, butter fat with 
% per cent alcohol, the portion dissolved by the alcohol is richer in 
olein than is the undissolved portion. With regard to the different 
solubilities of cocoa nut oil and palm nut oil in alcohol as a means of 
differentiating these oils from each other, see Vol. II. Chap. XIV. 
“ Palm Nut Oil ” and “ Cocoa Nut Oil.” Oils consisting to a great 
extent of the glycerides of linolic and linolenic acids, as e.g. linseed oil, 
also exhibit a slightly increased solubility in alcohol. 

Since the solubility in alcohol does not furnish any discriminating 
value beyond the identification of castor oil, the determinations pub- 
lished by Girard and others need not be enumerated here. Besides, 
the numbers given by various observers are hopelessly discordant. 
This may be partly due to the presence of varying amounts of free 
fatty acids, whereby the solubility in alcohol is considerably increased. 
Alcoholic solutions of free fatty acids dissolve neuti’al oris and fats 
readily ; as a rule, oils containing more than 50 per cent of free fatty 
acids are completely soluble in alcohol.^ Thus, in tlie older literature, 
olive kernel oil was described as soluble in alcohol ; it has since been 
shown that the alleged solubility was solely due to the large proportion 
of fi-ee fatty acids in the samples originally examined. In order to 
obtain reliable results it would be necessary to carry out determinations 
with oils and fats freed from free fatty acids. The age of the oils 
would also have to be taken into account, as oxidised oils (containing 
glycerides of oxidised acids) are much more soluble in alcohol than are 
the original glycerides ; in this respect they approximate to castor oil. 
Furthermore, in the presence of notable amounts of lecithin as in the 
case of egg oil, the solubility of lecithin in alcohol causes the extracted 
fat to be more readily dissolved by alcohol than it would be, if free from 
lecithin. 

The following data, due to Cesaro,^ deserve recording : — Palmitin, 
stearin, and olein are almost insoluble in 01 per cent alcohol. At 
35“^ C. myristin is little soluble ; laurin is easily soluble, and separates 
almost completely in the form of crystals, when the solution is cooled 
down to 13° C. The glycerides of lower carbon contents than laurin 
remain dissolved at 13° C. By means of alcohol it would therefore be 
possible to separate the glycerides into three groups, the intermediate 
group being soluble at 35° C. and insoluble at 13° C. This group 
contains essentially laurin. 

At higher temperatures, the solubility in alcohol increases, and 
under suitable conditions of pressure and concentration of alcohol, 

^ Macquer showed in 1745 that the cause of tlic solubility of oils and fut.<i in alcohol 
was an acid sulwtanco {sc. fatty acid), and that the solubility incrcjises with the propor- 
tion of this .substance {sc. the free fatty acids). 

Bull. Acad. Roy. Belyique, 1907, 1004. 
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and above a definite temperature, oils and fats form a homogeneous 
mixture with this menstruum. The temperature at which the mixture 
will just separate into its component parts is termed by Crismer the 
cpitleal temperature of dissolution. (This is analogous to the critical 
temperature of gases.) 

Crismer ^ proposed the determination of the critical temperatures 
of dissolution as a means of differentiating oils and fats, and especially 
of distinguishing butter fat from those fats that are likely to bo used 
for its adulteration. Crismer places a few drops of the oil or melted 
fat in a glass tube 9 cm. long and 5-6 mm. wide, and adds about twice 
the volume of 90 per cent alcohol. The tube is then sealed, fixed by 
means of a platinum wire to the bulb of a thermometer, and heated in a 
bath of sulphuric acid or glycerin, until the meniscus separating the 
two layers has flattened to a plane. After heating a little longer, so 
as to allow the temperature to rise about another 10° C., the thermo- 
meter is withdrawn from the bath and rapidly turned up and down 
several times. It is then replaced in the bath, the source of heat is 
removed, and the tube observed carefully, whilst the thermometer 
is gently shaken. The temperature at which a marked turbidity 
appears, is recorded as the critical temperature. 

If the critical temperature does not exceed the boiling j)oint of 
alcohol (78° C.), an open tube may bo used in place of a sealed one. 
Thus in the case of butter fat, 0-5 c.c. of the filtered fat, with twice 
its volume of absolute alcohol, is placed in a tube 7 to 8 cm. long and 
about 1 cm. in diameter. The tube is provided with a cork, fitted with 
a thermometer, the bulb of which becomes wholly immersed in the 
licjuid on inserting tlie cork into the tube. The tube is gently heated 
in a larger tube, which serves as an air- or water-bath, until by agitating 
the contents a homogeneous liquid is obtained. The mixture is then 
allowed to cool, and the critical temperature determined as described 
above. 

This method has hitherto been used chiefly by Belgian chemists in 
the examination of butter (Vol. II. Chap. XIV.). 

The critical temperature of dissolution of a mixture is, according 
to Crismer, approximately the arithmetical mean of those of its con- 
stituents ; it may be calculated from the following formula : — 


7iT„|-(100-/j)T6 

100 


whci’c 

T,„, = the critical temperature of the mixture. 

'J'a = the critical temperature of the constituent a. 
T^, = the critical temperature of the constituent b. 
n = the volume of constituent a in 100 volumes. 
100-rt = the volume of constituent b in 100 volumes. 


From the experiments made hitherto, the further deduction has 

1 IML de V Assoc. Beige des Chimistes, 1895, ix. 71, 143 ; 1896, ix. 369 ; x. 312 ; 
cp. also LiSge Congris, 1906, section i. p. 323. 
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been derived that substances of the same nature have practically the 
same critical temperature of dissolution. 

The critical temperature of dissolution in alcohol of 0-792 specific 
gravity at 20° C. has been determined by Cesaro ^ in the case of the 
following pure glycerides ; — 


Butyrin 


below 

-10“ 

C. 

Laurin 


• 

300° 


Myristin 


,, 

40-5° 


I’almitin 


• »» 

560° 


Stearin 


• 

66-0° 


Olein 



70-0° 

,, 


The observations recorded up to the present for natural oils and 
fats are collated in the following table : — 


Critical Temperatures obtained with Alcohol^ of specific gravity 0-8195 
at 15-5° C. ' 


Substance. 

1 

Number of 
Samples. 

•c. 

Observer, 

Japanese fish oil 


108 

Crismer and I^Iotteu''^ 

Cotton seed oil 


115-116 

Herlant 

Colza oil . 


132-135 

Crismer and Motteu 

Sesann^ oil 


120-§ 

Hcrlunt 

Arachis oil 

i 

115-116 

Arachis oil 

2 

123 


Olive oil . 


123 

Crismer and Motteu 

“ Animal ” oil . 


120 

Sheep’s foot oil 

Neat’s foot oil . 


102 


95 

” 

Lard oil . 


104 

Dieterich 

Apricot kernel oil 

1 

47-7 

Cacao butter • 


126 

Crismer 

Cocoa nut oil ■ 


71-75 


Butter fat 

14 

98-102 

Crismer 

Butter fat 

4 

98-103 

Herlant 

“Margarine” . 


122-126 

Crismer 

Carnaiiba wax , 


154 

Crismer 

Beeswax . 

from various 
sources 

129-133 

Ozokerite . 


175 

Crismer 

Paraffin wax, according to constitution 
and melting points 

140-160 


Oil of turpentine 


14 

- 


’ Bidl. Acad. Roy. Ddgiqw, 1907, 1004. ^ Joiirn, Soc. Chan. Jnd., 1896, 300. 

3 Ibid., 1896, 562. 
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By using more dilute alcohol, higher values are obtained, as will 
be seen from the following table, due to Ashdth : ^ — 


Critical Temperatures with Alcohol, of 90 cent by volume, of 
specific gravity 0'8332 



Number of 
Saiiiii)es. 

Bccome.s 
perfcetly clear 
.at “C. 

Commences to 
become clomly 
at °C. 

Coinineiices to 
form 2 I.tycrs 
at °C. 

Critical 

Temperature. 

'C. 

Flutter fat . 

7 

119-134 

117-5-131 

113 -.5-120 

111-5-115 

Butter fat . 

1 I 

124 

121 

116 

115 

“Margarine” 

2 

140-151 

138-148 

135-144-5 

133-5-142 


Tf absolute alcohol be emy)loyed, an open tube may be used, as 
stated already. Ihe results obtained for butter fat will be given in 
Vol. 11. Chap. XIV. under “ Butter Fat.” 


The critical temperatures of dissolution in acetone have been studied 
by E. Louise and E. Sa^mige.^ H. Duperlhuis ^ proposes to use a 
mixture of aniline and alcohol (1 : 4). 

For the application of the critical temperature to the differentiation 
of ceresin from paraffin see Vol. 111. Chap. XV. “ Ceresin.” 

Valenta ^ classifies oils and fats into three groups according to 
their solubility in acetic acid. The test is carried out by thoroughly 
mixing equal volumes of oil or fat and glacial acetic acid, of specific 
gravity 1 0562, in a test-tube, and warming the mixture, in case no 
solution has taken yilace in the cold. 

1st Completely soluble at the ordinary temperature (14° 

to 20° C.) : Castor oil. 

2nd trVo/^p.— Completely soluble, or nearly so, at temperatures 
ranging from 23° C. up to the boiling point of glacial acetic acid : 
Pumpkin seed oil, cotton seed oil, sesame oil, apricot kernel oil, almond 
oil, arachis oil, olive oil, cod liver oil, laurel oil, mowrah seed oil, palm 
oil, nutmeg butter, cacao butter, palm nut oil, cocoa nut oil, bone fat, 
beef tallow, butter fat, beef stcarine. 

3rd Group. — Not completely dissolved at the boiling point of glacial 
acetic acid, the oils belonging to the “ Rape Oil Group ” : — Rape seed 
oil, mustard seed oil, hedge mustard oil, etc. 

The oils belonging to the second group may be further differentiated 
by gradually warming the sample with an equal volume of glacial acetic 
acid with frequent shaking until complete solution is effected. A 
thermometer is then introduced into the liquid, and the temperature 
is noted at which turbidity appears. According to Valenta, the fats 

* Ghem. ZdL, 1896, 686. 

2 Gompt. rend., 1907, 145, 183 ; cp. also Ijouiso, Compt. rend., 1909 (149), 284; 
Ann. des Falsijic., 1911, 302. 

^ Mitth. a. d. Oeb. der LebenJtm, u. Hygiene, 1911 (2), 65. 

* Journ. Soc. Chetn. Ind., 1884, 643. 
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of the second group may be subdivided into two classes : the one 
embracing the following fats — palm oil, laurel oil, nutmeg butter, cocoa 
nut oil, palm nut oil, and mowrah seed oil ; the remaining oils of. that 
group form the second class. The temperatures found by Valenta 
are given in the following table. 

Allen’s ^ and Hoton’s ^ observations, however, are not in agreement 
with those recorded by Valenta, as will be seen from the following 
table. Nor do tlie numbers given by Uoton agree in every case with 
those found by Allen : — 


SoliihiliUj of Fatty Oils and Solid Fats in Acetic Acid 


Kind of Oil or Fat. 

Temperature of Turbidity for equal 
Volumes of Oil or Fat and Glacial Acetic 
Acid spec. grav. l-0j62. 


Valenta 

Allen. 

Iloton. 


*C. 

•0. 


Liuseed oil . 


57-74 


Niger seed oil 


49 


Pumpkin seed oil . 

108 



Cotton seed oil 

110 

90 

75-85 

Sesam6 oil . 

107 

87 

87 

Apricot kernel oil . 

114 



Almond oil, sweet . 

110 



Aracliis oil . 

112 

87 

93 

r Yellow olive oil 

111 



•j Green olive oil (of second 




f expression) 

85 



Menhaden oil . 


64 


Cod liver oil . 

101 

79 


Shark liver oil 


105 


Seal oil , 


72 


Whale oil . . . 


38, 86 


Porpoise oil . 


40 


Neat’s foot oil 


102 


I^aurel oil . 

26-27 

40 


Mowrah seed oil . 

64-5 

1 


Palm oil ... 

23 

83 1 


Nutmeg butter 

27 

39 


Cacao butter . 

105 

Insoluble 


Palm nut oil . 

48 

32 1 


Cocoa nut oil . 

40 

7-5 

7-6 

Lard .... 


96-5 j 

102 

Bone fat (American) 

90-95 

1 


Beef tallow 

95 



Oleomargarine 


96 '5 


Butter fat . . . 


61-5 

40-55 * 

Tallow stearinc (m. p. 




55-8“ C.) . 

114 



Sperm oil , . . 


98-103 


Arctic sperm oil . 


. 102 

98-105 

„ M 1 


... 

92-96 


The following table, comprising oils belonging to Valenta’s third 
group, more clearly brings out the same point : — 


* Journ. Soc. Chew. Ind,, 1886, 69 ; 282. 

2 BtUl. de la Soc. Chim. de Bdgique, 1904, 2. ® Twelve samples. 
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Kind of Oil. 

Sfieclflc Gravity at 

15 6* C. (water at 16-6=1). 

Observer. 

Valenta. 

Allen. 

Hurat, 
Temp, of 
Tuil.l.!lty. 

Rapo 

0-9145 

Insoluble 

Insoluble 

*c. 

88 

Rape 

0-9168 



86 

Rape 

0-9132 



85 

Rape 




73 

Colza 

1 0-9162 



99 

Colra 

0-9131 



97 

Colza 



«> 

94 

Colza 



tl 

94 

Colza 

0-9132 



82 


Thomson and Ballantyne} experimenting with acetic acids of different 
strengths, arrived at the following numbers : — 




Temperature of Turbidity with Ghacial 


P'reo Acid 


Acetic Acid of 

Kind of Oil 

calculated 




Oleic Acid. 

Sp. Gr. 

Sp. Or. 

Sp. Gr. 



1-0542. 

1-0552. 

1-0562. 


Per cent. 

•c. 

•c. 

•c. 

Olive oil fCioja) . 

9-42 

65 

80 

91 

Same oil, freed from free acid 

none 

87 



Olivo oil (Syrian) 

•23-88 

42 



Olive oil . 

i 5-19 
j 3-86 

78 

85 

96 

100 

iTl 

Arachis oil (commercial) 

6-20 

76 

92 

112 

Aracliis oil (French, refined) 

0-62 

96 

114 j 

Not completely- 
dissolved 

1 

Rape oil .... 

J 2-43 

no| 

Not completely- 

dissolved 

t 

^ 4-54 

105 ^ 



Linseed oil . 

0-76 

61 

78 

90 

Linseed oil (Baltic) 

3-74 

42 

59 

71 

Linseed oil (East India) 

0-79 

57 



Linseed oil (River Plate) . 

1-21 

56 




The figures of the last ta])le prove that the amount of free fatty 
acid in fats considerably inlluences the indications of Valenta's test. 

Notwithstanding these serious discre])ancies, ValenUTs test may, 
in conjunction with other tests, afford some valuable hints in the 
examination of an oil.^ 

The following modification of Valenta’s test was proposed by 
Jean : ^ Place 3 c.c. of the sample in a graduated test-tube of 1 cm. 
diameter, and immerse the tube in water at 50° C. Remove, by means 
of a finely drawn-out pipette, so much oil that exactly 3 c.c. remain 
(at the temperature of 50° C.). Next introduce, by means of a gradu- 
ated pipette, 3 c.c. of acetic acid, of the specific gravity 1-0565 at 15° C. 
(prepared from glacial acetic acid by adding th€^ requisite amount of 

^ Journ. Soc. Chem. hid., 1891, 233. 

“ Cp. also E. W. Pollard, Pharm. Joum., 1908 (27), 361. 

* Coiys gras indmtricls, 1892 [19], 4. 
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water), measured off at 22° C., warm the contents of the tube in the 
water for a few minutes, then cork well, and agitato thoroughly. Allow 
the mixture to settle out at 50° C. until two distinct layers are noticeable, 
and read off the volume of the undissolved acetic acid. The 'volume 
of the acid dissolved in the fat is then easily calculated. Jean found 
the following results for the oils and fats enumerated in the table : — 


Kind of Oil or Fat. 

Arachis oil (Bonlatn) 


Acetic Acid (.sp. {^r. 1 •OSC.'i 
at 15“ C.) dissolved. 

Per cent. 

41-0.5 

Arachis oil (Gambia) 


4.3-00 

Colza oil . 


30-00 

Ravison oil . 


33-30 

Almond oil, sweet 


33-00 

Olive oil . . . 


35-00 

Walnut oil . 


30-60 

Cameline oil . 


30-00 

Castor oil , 


100-00 

Maize oil . 


100-70 

Befech nut oil 


53-3 

Poppy seed .oil (Indian) 


63-3 

Poppy seed oil (French) 


43-3 

Neat’s foot oil 


43-3 

Sheep’s foot oil 


30-60 

Horse fat . 


3008 

Lard .... 


20-00 

Veal tallow 


20-00 

Butter, 9 samples of different origin 

63-33 1 

Cotton seed stcarino 


40-00 

“ Buttcrine ” . 


31-60 

“ Margarine ” . . 


20 60 

Palm oil 


100-00 

Cocoa nut oil . 


. 100-00 


For further information the reader must be referred to the mono- 
graph on “ Butter Fat,” Vol. II. Chap. XIV. 

Hoton ^ resumed the study of the solubility of glycerides in 
acetic acid, but no decisive re.sults have been obtained hitherto. It 
need, therefore, only be stated that when using acetic acid of 1’057 
specific gravity at 15° C. (containing 90-25 per cent of glacial acetic 
acid) Hoton found that cotton seed oil dissolved 20 per cent of acetic 
acid at 20° C., butter fat 40 per cent at 30° C., and “ margarine ” 
20-25 per cent of acid at 30° C., whereas cocoa nut oil, if kept above 
its melting point, dissolved any proportion. 

The behaviour of some oils with carbolic acid was studied by Salzer.^ 

He adds the oil drop by drop, with constant shaking, to 10 c.c. of an 

• 

^ Besides these nine samples, all of which gave 63'33 per cent, two ahnormal butters 
were examined, giving 58 '7 and 73’0 respectively. 

* Iktll. fk)c. Chim. de Jlelyique, 1904 [18], 147 ; 1912 {28),. 70 ; cp. Revue tnternat. 
Fcdsific., 1905 [18], 85. * Arch, d. Pharm., 227, 433. 
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87 per cent phenol solution (prepared from 373 grms. of crystallised 
phenol and 56-7 grms. of water contained in a graduated cylinder, 
until ^e turbidity persists. (In liquefied phenol of a higher strength 
than 91 per cent, most oils seem to be equally soluble ; important 
differences only appear when employing weaker solutions.) In the 
following table Salzer's results arc reproduced : — 



Dissolved by 10 c.c. of a Solution 

Kind of Oil. 


containin.i' Clninol. 


91 jx-r cent. 

87 per cent. 

.S3 iier CRiit. 


C.C. 

C.C. 

c.c. 

Almond oil 


/ Mill. 2-5 
{ Max. 3 9 


Olive oil 


/ Min. 2’0 
\ Max. 3*0 


Rape oil ...... 

Lin.seod oil ..... . 

4 


3 

Poppyseed oil 


6-8 

Min. 2 

Croton oil 

16 

8-5 

4-0 

Arachis oil ..... . 

11-6 

4-8 

0*8 

Cotton seed oil . ... 

10-5 

.9 '5 

1-0 

Sesame oil 

10 

3-8 

0*8 

1 part of olive oil + 1 pt. of poppy seed oil 


4*8 


3 parts of olive oil + 1 pt, of poppy seed oil 

3 jKirts of olive oil + 1 pt. of arachis oil . 


3-4 

3-0 


1 i)art of olive oil + 1 pt. of arachis oil . 


3-8 


9 fiarts of olive oil d- 1 part of rape oil 


2-1 

( Distinct 


Croton oil 


-{ turbidity 

t with 2*3 



Salzer claims to be able thus to detect adulterants in almond oil, 
cod liver oil, etc. The figures recorded in the table are not, however, 
such as will inspire confidence in this method ; moreover, free fatty 
acids increase the solubility. Salzer s method can, therefore, at best 
only serve as a preliminary test. 

The solubilities of some fats in benzene as determined by Dubois 
and Fade are given in the following table : — 


Solubility of Solid Fats in Benzene 



10ft grnia. of Benzene 

Kind of Fat. 


dissolve at 12° U. 



Grms. 

Mutton tallow 


14-70 

Beef tallow 


16-89 

Veal tallow 


26-08 

Lord 


27-30 

Butter fat 


69-61 

Margarine 


12-83 


1 This solution was first suggested by Crook (Zeits.f. analyt. Chem., 19, 369). 
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With regard to the behaviour of oils to dimethylsulphate cp. 
Chap. IX. 

The thorough study of the solubilities of oils and fats for the purpose 
of analysis is still a desideratum. No doubt the tediousness of “ solu- 
bility methods ” has hitherto deterred investigators from an exhaustive 
inquiry. Hence attention had been directed to the more promising 
problem of studying the solubilities of the fatty acids with a view to 
analytical separation (see Chap. Vlll.) and their salts. Thus the study 
of solubilities in alcohol of the potash soaps of different oils and fats 
was made by FreumUich ' (cp. also “ Solubilities of the lead soaps in 
common ether and petroleum ether,” G. B. Neave, Chap. III. p. 142). 

The use of esters to phthalic acid as a fat solvent, proposed by 
A. II ease, ^ therefore deserves attention. 


1 1 . Electrical Conductivity 

The determination of the electrical conductivity was proposed 
by Balmier as a means of detecting adulterants in olive oil. For 
this purpose a special apparatus termed “ diagometer ” was con- 
structed. 

Later on, A. Barloli ^ made an extensive examination of the electrical 
conductivity of oils and fats. The main results airived at are as 
follows : The conductivity of an oil increases with the rise of tem- 
perature ; its amount varies, however, with the nature of the oil. 
Drying oils, when exposed to the air, acajuire a greater conductivity 
than non-drying oils. An increase, though to a smaller extent, is also 
observed in the case of non-drying oils, when they have become rancid. 
A table, arranged according to the magnitude of the electrical con- 
ductivity, begins with olive oil and ends with linseed oil. 

Solid fats, with the exception of lard, exhibit an increase of con- 
ductivity at temperatures from 170° to 220° C. Nutmeg butter is 
characterised by a sudden increa.se at the temperature of its melting 
point. A similar table of conductivities for the solid fats opens with' 
chicken fat and closes with nutmeg butter. 

The measurement of the electrical conductivity of the potash 
soaps obtained by saponifying an oil or fat was proposed by L. Herlant.^ 
It is of course e.ssential to employ in each case the same amount of 
fat and alkali, and to dilute the solutions to exactly the same strength, 
as also to make all observations at one and the same temperature. 
For the examination, 10 grms. of an oil or fat are mixed in a flask with 
45 c.c. of normal alcoholic potash and saponified by heating for thirty 
minutes on the water-bath, under a reflux condenser. The alcoholic 
soap solution is then made up to 250 c.c. with distilled water and 
electrolysed. 

* Cke.m. Revue, 1908, 136 ; 160. (Jeman patent 227,667. 

* Rend, della Acc. di Napoli, 1881. ^ 11 nuavo CHmenlo, 1890, tomo 28, 25. 

® Joum. Roc. Ohem. Ind., 1896, 562. 
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The resistance which a cube having a sid^ of 1 cm., filled with the 
solution, offers is termed the specific resistance r of this solution, and 
its inyerse ratio I expresses its sjiecific conductivity. For practical 
purposes, comparison is made with the specific conductivity of a 
normal solution of potassium chloride, for which = 0-002244 at 18° C. 
If K be a coefficient depending on the trough, then we have for the 
potassium chloride solution = 0-002244, and for the specific con- 
ductivity of any other solution in this trough ^ = 

The numbers obtained by Ilerlant are given in the following table. 
A few values for butter fat and “margarine” are added here, as Ilerlant 
believes that this method may be useful in the examination of butter. 
The third and fourth columns are added in order to show that the 
conductivity stands in direct relation to the refractive index and the 
critical temperature : — 


CVii or Fat. 


S])Ociftc 
(Joiitlutilivity 
at 18” C. 


Refractive Index. 
Degrees in Zeis.s’s 
Hu Ly ro-refrac I > nneter 
at 35” 0. 


Cotton seed 
Aracliis I. . 

11 . 

St'sainii 

Olive 


0-008629 

0-008700 

0-008741 

0-008779 

0-009927 


63 

68-25 

60-25 

63 

57-25 


Critical 

Toinperature of 
Dissolution. 
“C. 


115-116 

115-116 

123 

120-5 

123 


Butter fat 1 
,, 2 
3 

,, 4 

MargariiK! 1 
2 

!! 3 

,, 4 


0-0061.57 

0-006500 

0-006507 

0-007010 

0-008221 

0-008459 

0-008472 

0-008489 


I 98-103 
I 122 123 


f 

1 


44-5 

45 

45 

48 

52-5 

56-5 

54 

68 


12. Calorimetric Examination 

The calorimetric examination of oils and fats is not likely to find 
application in practical work, as the meagre information fm-nished 
thereby is out of all proportion to the labour involved in making the 
determination. It will be gathered from the following tables that this 
method is incapable of yielding such definite information as is readily 
obtained by a number of methods which can be carried out in a much 
shorter time without re(j[uii-ing the use of complicated apparatus. 

With regard to the difference between fresh and rancid fats in the 
calorimetric examination, cp. p. 58. 
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OHAP. 


Heats of Combustion of Fatty Acids 


Ac ill. 

Calorics per Gram. 

Observer. 

Acetic .... 

206-7 

Stolimann ’ 

Hntyrio (normal) 

520-4 


\bileric (normal) 

677-2 


Caproic .... 

830-2 


(^aprylie .... 

1138-7 

Lougiiinine^ 

Capric .... 

1458-3 

Stolimann ^ 

Laurie .... 

1771-8 


Myristic .... 

1759-7 

Louguiuine 

2085-9 

Louguinine " 

Palmitic .... 

2061-8 

2398-4 

Stohinann ^ 

)> .... 

2371-8 

Louguinine - 

Stearic .... 

2711-8 

Stolimann ^ 

Arachidic .... 

3025-8 


Bchenic .... 

3338-3 


Erucic .... 

3297-2 


Brassidic .... 

3290-1 


Hehenolic .... 

3255-1 


Diliydroxybehoiiic 

3235-5 



Heats of Combustion of Glycerides 



Perl Gram-Molecule 
Constant Volumo. 

Ob.scrvcr. 

Trilauriu .... 

5707-0 

Stolimann 

,, .... 

.5707-4 

Louguinine 

Trimyriatin 

6650 -5 

Stolimann, etc. 

,, ... 

6607-9 

Louguinino 

Dierucin .... 

1 6979 -5 

Stohinann 

Trierucin .... 

10-265-5 

Stolimann, etc. 

Dibrassidin 

6953-7 


Tribraasidiii 

10236 0 



' Stohmaiin and col laltora tors (Klcber, Langbein, and Ofrenhauer), Journ. f. prnH. 
Chem., 1885 (31), 2V*7 ; 1890 (42), 3C7. 

CowpL rend., 1886 (102), 1210. 


[Table 




SPECIFIC HEAT 


375 


Heats of Combustion of Natural Oils, Fats, and Waxes 




C.aloriea per Gr.arn. 


Con.staiit 

Volume. 

Constant 

I’ressure. 

Observer. 

Linseed (1900) . 

9361 

9379 

Sherman and Snell* 

„ (1898). 

9379 

9394 


,, (several years old) 

Iloiled linseed .... 

9215 

9230 

,, 

8810 

88-24 

,, 

Poj)py seed .... 

9382 

9397 


Maize (1900) .... 

9413 

9428 

,, 

„ (1898) .... 

9436 

9411 

,, 

,, (crude) . . . • 

Cotton seed I 

9119 

9434 

,, 

9396 

9411 

,, 

„ 11. . . . 

9401 

9416 


„ 111. 

9390 

9405 


,, I\'. (crude) . 

9397 

9412 

,, 

„ y. . . . 

9336 

9351 

,, 

,, VI. (old) 

9323 

9328 


,, y 1 1. (very old) 

9168 

0183 

,, 

Sesame ..... 

939.5 

9410 

,, 

Uapci 1 

9489 

9504 


JI 

9462 

9477 


,, 111 

9412 

9427 

,, 

Castor I. . 

8863 

8877 

,, 

,, 11 

8835 i 

8849 


Almond I. . . . • 

9454 

9469 

,, 

,,11 

9311 

9326 

,, 

Araelu.s 

9412 

9427 

, , 

Olive 1 

9457 

9472 

,, 

„ 11 

9451 

9466 

,, 

Cod liver (fresh) 

9437 

9452 

,, 

„ (old) . . . 

9277 

9292 

,, 

Shark liver (relined) 

9360 

9375 

,, 

,, (crude) . 

9371 

9386 

,, 

Whale 

9473 

9488 

Langbein ® 

Cacao butter .... 

9460 


Cocoa nut 

9005 


Stohniann 

(Jooso . . ' • 

9503 


Lanl . . . . . 

9469 


,, 

,, (1900) . . . . 

9451 

9466 

Sbermnn and Snell 

,, (1899) . . . . 

9447 

9462 

,, 

,, (four to live years old) . 

9394 

9409 . 

,, 

,, (throe years old) 

9372 

9387 

Stohmann 

Beef 

9485 


Mutton . • 

9402 


,, 

Butter . . ‘ -4 • 

Spermaceti . . . . 

9503 

9946 

996 1 

Sherman and Snell 


With regard to the heat of combustion of beeswax cp. Vol. 11. 
Chap. XIV. “ Beeswax.” 

The specific heat of a fat can be calculated, according to Kopp’s 
law, from its elementary composition. This may be illustrated by the 
case of stearin, which for 76-85 per cent of carbon, 12 -36 per cent of 

1 Journ. Amo-. Chan. Soc., 1901, 164. ^ Zeitf, angew. Chan., 19^8, 1070. 
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hydrogen, and for 10-79 per cent of oxygen, gives the following atomic 
proportions: Carbon '®®'‘ = 6-57 ; Hydrogen ’-^- = 12-36; Oxygen 
^^jJ’’ = 0-67. Hence the specific heat is (6-57 x 1-8 = )ll-83 + (12-36 x 
2-3 — )28- 13 + (0-67 X 4-0= )2-68 = '^jJ,^ = 0-4294. The molecular heat, 
i.e. the product of the molecular weight and specific heat, is the sum 
of the atomic heats of the elements in the molecule (where C has 1-8, 
H 2-3, and 0 4-0). 

The latent heat of fusion is of importance when it is required to 
calculate the heat units to be abstracted on cooling an oil, e.g. in the 
manufacture of “ winter oils.” Whereas in the case of water the 
latest heat of fusion can be calculated from the specific heat, this cannot 
be done in the case of fats and waxes, as they do not melt suddenly but 
soften gradually, so that the exact points at which they are still solid 
or already liquid cannot be ascertained. 

In the case of fats and waxes the specific heat varies considerably 
with the temperature. When they commence to soften, the specific 
heat increases suddenly very much, for part of the heat of fusion is used 
up for internal work, the softening representing the commencement of 
melting. Thus tristearin has at 6° C. the fairly constant spec-ific heat 
of 0-.33C. This is increased at Kf, 20^ 3(r, and 40'^ C. to 0397, 0-409, 
0-449, and 0-501, and at 50° C. is 0-510. At 50° to 55° C. the edges 
of small particles of tristearin begin to soften, and the s])ecific heat 
quickly rises to 1 -3-1-4. Palmitin shows a similar curve, the s})ecific 
heat varying from 0-330 at -7° C. to 0-478 at -f60° C., and more 
than 1 at 3° to 4° C. below the melting y)oint, viz. GG-5° C. Other fats 
behave in the same manner. 

The determination of the specific heat of fats is in Vavderger Gran's ^ 
opinion, if not impossible, at least extraordinarily diflicult, as the 
latent heat of fusion causes an elevation of temperature. lie gives the 
following observations : — 


Olive oil at a if C 0-471 

Castor oil at 6-0" i'. . . . . . 0 434 

Beeswax at -21° to +3° C. . . . 0-42!) 

Beeswax at 05° to 100° C 0-40!) 

Palmitic acid at 0.5° to 104° C, . . . 0 053 


The latent heat of fusion of paraflin wax is recorded as 39 calories 
{Graefe) and 35 {Batelli), 


^ Ann, Chini. Ayinl. 5, 321. 
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CHEMICAL METHODS OF EXAMINING OILS, FATS, 

AND WAXES — QUANTITATIVE TESTS 

Since the natural oils and fats represent complex mixtures, in varying 
quantities, of the simple and, as it appears, chiefly, mixed glycerides of 
the dift'erent fatty acids enumerated in Chapter III., complete fat 
analysis should embrace the isolation of each individual fatty acid and 
of the foreign substances dissolved in the oils and fats. The attempt to 
detect and identify all the individual fatty acids in a fashion similar 
to that in which the individual elements are detected in an inorganic 
substance must, however, in the present state of our knowledge, be 
abandoned as a hopeless task in technical analysis (cp. Chap. XIL). 

The same remarks apply to the examination of waxes. 

Although in the examination of oils, fats, and waxes we are not 
yet able to obtain results which are accurate in a strictly scientific 
sense, a number of methods answering very satisfactorily the re(jiiirc- 
ments of technical analysis have been evolved. 

These methods consist in ascertaining certain numbers- “ values” 
— which depend on the nature of the various fatty acids, the pioportion 
of admixed substances, the pre.sence of free fatty acids and (or) alcohols, 

The ” values ” obtained by the methods to be described in this 
chapter furnish a measure of the (|uantity of the acids, alcohols, etc., 
without, howevc]', in each case fixing their absolute quantity. These 
methods have, therefore, been appropriately termed by lliiU “quanti- 
tative reactions.” 

Besides the “ ([uantitativc reactions ” we have at our disposal a 
number of chemical reactions whufli are usefully applied to the examina- 
tion of fatty substances, such as the elaidiii test, oxygen and ozone 
absorption test, bromide test, etc. 

Hitherto these methods have not been worked out so fully as to 
admit of their being classed amongst the quantitative reactions, although 
in all probability some of them (ozone absorption) will attain to that 
rank. Meanwhile we must look ujion them as preliminary tests tliat 
can be usefully employed as sorting tests, or as confirmatory tests in 
those cases where the interpretation of the quantitative methods lea s 
to ambiguous conclusions. These preliminary tests or “ qualitative 
reactions ” will be described in the following chapter (Chap. Vll.). 

377 
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Further insight into the composition of the natural oils, fats, and 
waxes is gained by examining the isolated fatty acids. The methods 
employed for this purpose will be dealt with in Chapter VIII, 

The methods which are applied to the examination of insoluble 
alcohols (such as are obtained on saponifying waxes), and, in general, 
to the unsaponifiablc matter found in oils, fats, and waxes, will be' 
detailed in Chapter IX, 

In this chapter the quantitative reactions will be considered. 


QUANTITATIVE REACTIONS 

I subdivide the numbers — “ values ” — obtained with the aid of the 
quantitative reactions into two classes : — 

A. Cliaracteristics. 

B. Variables. 

In the earlier editions of this work I used for Class A the denomina- 
tion “ constants,” but as this term has been frequently interpreted in 
too literal a sense, and has even been compared with ‘‘ true constants 
of nature,” it appears preferable to substitute for it the expression 
“ characteristics,” indicating the fact, that although the numbers are 
specific for each kind of fat or wax, they still allow of certain fluctuations 
within narrow limits. 

Under “ characteristics ” I shall comprise those numbers which 
depend entirely on the specific nature of an oil, fat, or wax, and hence 
assist most materially in identifying a given oil, fat, or wax. 

The “ variables ” ^ furnish numbers which allow us to judge of the 
quality of a given oil, fat, or wax. These numbers naturally vary 
with the state of purity, rancidity, age, etc., of the given oil, fat, or wax. 

The characteristics will be considered under the following heads : — 

(1) Saponification Value. 

(2) (Bromine or) Iodine Value. 

(3) Reichert {Reichert- Meissl or Reichert-W ollny) Value. 

(4) Titration number of Insoluble Volatile Acids. 

The variables will comprise : — 

(1) Acid Value. 

(2) Amount of Glycerol, expressed in per cent, 

(3) Diglycerides and Monoglycorides. 

(4) Amount of Unsaponifiablc Matter, expressed in per cent. 


Cp. Tlie Laboratory Companion to Fats and Oils Induilrics, Macinillun, 1901, p. 0. 
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Midway between the two classes stands the acetijl value, which in 
some cases must be considered a “ characteristic,” whereas in other 
cases it is a “ variable.” 


A. CHARACTERISTICS 


1. Saponlflcation Value ^ 


The saponification value indicates the numher of niilligranis of potas- 
sium hydrate required for the complete saponification of one gram of a fat 
or ivax ; in other words, it represent^ the amount of potassium hydrate, 
expressed in tenths per cent, requisite to neutralise the total fatty acids in 
one gram of a fat or wax. 


For the determination of the saponification value are recpiirod - 
(1) An accurately standardised hydrochloric acid solution, the titer of 
which is expressed in terms of KOI! ; it is most convenient to use 
half-normal acid ; (2) an alcoholic potash solution prepared l)y dis- 
solving about 40 grins, of caustic potash, pure from alcohol,^ in a little 
water, and making up the solution with strong alcohol (of a specific 
gravity not exceeding ()-810) to 1000 c.c. The alcoholic solution 
is allowed to stand for one day, and is then carefully decanted or 
syphoned off if a precipitate should appear.® The solution should be 
protected from variations of temperature, l.)ut need not be protected 
from light if the materials used in its preparation are pure. 

The alcohol used for preparing the potash solution should be pure ; 
on treating with a strong solution of caustic potash it should remain 
colourless. If the alcohol turns yellow immediately, it must be rejected. 
Alcoholic potash prepared from ])ure materials will not become dark 
lirown even after .several months’ standing ; it assumes, however, in 
course of time, a light yellow colouration, which docs not interfere with 
the accuracy of the titration.^ Dark solutions should not be used, 
as they are apt to vitiate the results, especially in the case of drying oils. 

Methylated spirit may be used in many cases, but it must be purified 
as described p. 103. Since metliylateO spii’it contains small quantities 
of mineral oil (introduced with the denaturant) due care must be 


* This value, is also known as Kiittstorfer Value (cp. Zeits.f. analyt. Chem., 18/9, 199 , 
431). Before Kottstorfer’s mcthotl was pnblisheil, it had been customary in the 
Marseilles works to express the amount of alkali required for 5 gnus, of fatty .aculs m 
terms of cubic centimetres of normal alkali (CX l^eirier). . i u n 

2 It should be noted that caustic potash sticks are sometimes coated by the manu- 
facturer with soft paramn wax ; cp. F. Bengen, Zeits.f. U titers, d. Nahrgs- v. (/enussin., 

^ The^ proeipitate consists chiefly of pota.ssium carbonate. It may be useful to note 
that 100 c.c. of half-normal alcoholic potash prepared with 94 per cent alcohol by 
volume dissolve, at 10“ to 18“ C., 0-038 grms. of potassium carbonate (Ilolde, C/iem. 

^^Tcp.^S^egSi, Ctiem. Zeit., 1908, 03; Zetsche, ibid., 1908, 222; Halla, ibid., 
1908, 890. 
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observed in case tlie determination of the saponification value be 
combined with that of the unsaponifiable matter. 

The saponification value is determined as follows : Weigh 6ff 
accurately, in a flask holding 150 to 200 c.c., T5 to 2 grms. of the 
purified and filtered sample. Next run into the flask 25 c.c. of an 
approximately semi-normal alcoholic solution of caustic potash, 
measuring it off by means of a pipette. It is not necessary to add 
exactly 25 c.c., but care must be taken that for each determination 
precisely the same volume is used, A good plan is to allow the contents 
of the pipette to run out somewhat rapidly, and to drain until two or 
three more drops have run off. Then attach a long cooling tube or an 
inverted condenser to the flask, and heat on the boiling water-bath for 
half an hour so that the alcohol is kept simmering ; in order to accelerate 
saponification, the contents should at intervals be mixed by imparting 
to the flask a rotary motion. This treatment will, in the case of most 
fats and oils, lead to complete saponification. In the case of waxes, 
especially beeswax, it is necessary to boil the contents of the flask over 
a flame for at least one hour (cp. Chap. 11. p. 107, and Vol.II.Chap. XIV. 
“ Beeswax ”). Wool wax, even under these conditions, is not com- 
pletely saponified, and it is advisable to carry out the test with sodium 
alcoholate, as described p. 107. When the saponification is deemed to 
be complete, allow to cool a little, add 1 c.c. of a 1 per cent phenol- 
phthalein solution, and titrate back the exce.ss of potash with the 
half-normal hydrochloric acid. In case too much alcohol has been 
volatilised, it is advisable to add some alcohol (previously neutralised, 
see Chap. II. p. 104), or to titrate with normal acid at first and finish 
the titration with half-normal acid. 

It is recommended to make a blank test by treating tlie same 
amount of alcoholic potash in exactly the same manner ^ as is done 
with the sample. Every source of error, e.g. carbonic acid, etc., has 
therefore, as nearly as po.ssible, the same influence on the final result 
in both tests, and is thus eliminated. The difference between the 
numbers of c.c. of acid used in the blank test and in the actual test 
corresponds to the quantity of potash required for saponification ; this 
is calculated to milligrms. of potash for 1 grm. of fat or wax. 

Sulphuric acid should not be substituted for hydrochloric acid, 
as potassium sulphate is precipitated, whereby the delicacy of the end 
reaction is impaired. 

For Henriques’ method of cold saponification cp. p. 106. 

In the case of dark-coloured solutions, M^llhiney ^ proposed to 
measure the alkali used by the amount of ammonia it will liberate from 
an amnionium salt. Ho proceeds as follows ; The substance (2 grms.) 
is saponified with an excess of alcoholic caustic soda, and the alcohol 
evaporated off. 250 c.c. of 93 per cent alcohol are added next, the soap 
is dissolved by warming, and carbon dioxide passed through the solution 
for about one hour, in order to precipitate the excess of alkali as 

^ This hIiouUI extend also to the material of the flask. Cheap German flasks are 
attacked by alkali to a considerable extent. It is be.st to use flasks made of Bohemian 
or of Jena glaa.s. Journ, Soc. Chem. Ind., 1896, 197. 
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carbonate and bicarbonate. The precipitate is then filtered off, the 
alcohol evaporated, and 100 c.c. of a 10 per cent solution of ammonium 
chloride added ; the solution is then heated, to distil off the liberated 
ammonia, which is received in hydrochloric acid and titrated. A 
correction must, of course, be made for the sodium bicarbonate dissolved 
by the 93 per cent alcohol. This process is cumbersome and certainly 
introduces errors ; it is far simpler to dilute the soap solution with 
sufficient alcohol, so as to obtain a distinct end reaction. If need be, 
the titration may be carried out in a flat porcelain dish, after sufficient 
dilution with strong alcohol. {Be Nqjri and Fabris rccommcjid to use 
in such cases alkali-blue as an indicator.) 

Example. — Weighed off 1-532 grins, of olive oil, and saponified 
with 25 c.(;. of alcoholic pota.sh solution. Rcipiired for titrating back 
12-0 c.c. half-normal acid ; further, recpiircd for the blank test 22-5 c.c, 
half-normal acid. Therefore a quantity of caustic potash corresjiond- 
ing to 


(22-5 -12 0) 0 0561 
2 


grnis.r- 294-5 milligrms. KOI I 


was employed for saponification. Hence 
294-5 

Used for 1 grm. of fat KOH-- 192-2 milligrms. KOII. 

The saponification value of the sample of olive oil is therefore 102'2. 


Allen ^ proposed to calculate the number of grams of fat saponified 
by one equivalent of potassium hydrate, i.e. by 5G-1 grms. of KOH, or, 
what amounts to the same, by one litre of a normal solution of caustic 
potash or caustic soda. 

The number obtained by dividing the yiercentage of potassium 
hydrate required for saponification into 5010 was termed the mponifica- 
tion equivalent. 

No advantage is gained by expressing this important value in the 
manner proposed by Allen, and 1 shall therefore adhere in this work 
to the “ saponif cation value ” as defined above, in order to avoid 
confusion. The relation between the saponification value and Allen’s 
saponification equivalent is shown by the following formula? : 

c^. of normal jwtash x 56-l _c,a of normal potash x 50100 
feap. Va fat employed “ railligrms. of fat employeti 

5610 _ . 

ap. jquiv. — cent KOH c.c. of normal potash x 0-056J ^ 
grm.s. of fat employed 

grms. of fat empl^cd x 5610 
~ c.c. of normal potash x 5-61 
grms, of fat em ployed x 1000 
~^c.c. of normal jmtash 
— mi lligrms. of fat empl oyed ^ 

~ c.e. of normal potash 


^ Commercial Organic Analysis, ii. 40. 
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or, if a be the number of c.c. of normal potash, and h the number of 
milligrms. of fat employed : 

Sap. Val.— ^ X 56100 ; Sap. Equiv. — 


Hence it is evident that the “ saponification equivalent ” can be found 
by dividing 561(X) by the saponification value ; conversely, tlic saponi- 
fication value is obtained by dividing 56100 by the saponification 
equivalent ; 


„ ,, , 56100 „ , 

Sap. Vai. = .^ „ . ; Sap. Equiv.^ 

^ Sap. Equiv. ‘ ^ 


56100 
Sap. Val.' 


An easy calculation will show that the saponification value and the 
saponification equivalent are identical for the number 236-87 = \/5M6d. 


The saponification values of neutral glycerides and other esters of 
fatty acids vary, of course, with the nature of the fatty acids ; the 
lower the molecular weight of the fatty acids (or, what amounts to 
the same, of the esters) tlie more ])otas}i will be retiuired to neutralise 
the fatty acids of 1 grm. of fat or wax, or, in other words, the higher 
will be the saponification value. To illustrate this more clearly, I 
subjoin in the following tables the saponification values of some pure 
triglycerides, cbglycerides, and monoglycerides, as also of some waxes 
(esters of monohydric alcohols). 


[Table 
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Saponification Values of Triglycerides 


Triglyceride. 

Fonnnla. 

Molecular 

Weight. 

Haponiflc. 

Valua 

Simple Triglycerides — 
Acetin .... 
Butyrin 

Valeriii 

Caproin 

Ca])ryliii 

Caprin .... 
Laui'in .... 
Myristin 

Palmitiii 

Hydnooarpiii 

Stearin 

Olein .... 
Linolin 

Clianlmoogrin 

Linolenin 

Chipauodonin 

Ricinolein . 

Arachiu 

Erucin . . . • 

Corotin 

Melissiu . . 

Hydroxystearin . 
Diliydroxysteariu 
Trihydroxystcarin 
Sativin 

Liuusiii 

Mixed Triglycerides — 
Acetodilbrmin 
Acetodibutyrin 
Myristopalniitobleiu 
Oleodipalmitin 
(Dipalmitoblcin) 
Stcarodipalniitiii . 

(Dipalmitostearin) . 
Oleopalmitostsarin 
(Stearopalniitoblein) . 
'Palmitodistearin . 

(Distearopalniitin) . 
Oleodistearin 
Elaidodistearin 
Dioleostcarin 

C 3 H,(o.c,ir, 0)3 

03115 ( 0 . 041170)3 . . . . - 

c,iUo.c,ii,oh 

C3H5(0.C„H„0)3 

c,E,{0.c,n,,0), 

03115 ( 0 . CioIIj 90 ),.} . . . • • 

0 . 3115 ( 0 . CjJl2aO)3 

03H5(O.0hH27O)3 

03lL.(0.0,«H.„0).5 

03H5(0.0,flH270)3 .... 

03115 ( 0 . CjgHssOlg . . . ■ • 

O.iHs^O . OigHgsOls . . . • • 

03H5(O.0igH..„O)3 

03H5(0.0,gll3i0)3 

03115 ( 0 . 0 ,gH.^ 0)8 

03H5(0.048lJ«0)3 

03H5(0 . OigH3302)3 

O.jUa^O • 0.3 oU;b)* . . • • • 

03113 ( 0 . C.,,Il4iO)3 

03 H 5 ( 0 . 0 ., ,, 115 , 0)3 

03115 ( 0 . 03011590)3 . . . • • 

03113(0 . OlgH-yjOjls . . . • • 

0311 . 3 ( 0 . 0 , 3113503)3 ...•• 
0 . 3115 ( 0 . 0 , 3113504)3 . , . • • 

C 3 H 5 ( 0 . 0 , 3113505)3 

03H5(0. 0 , 8113507)3 

0 , 115 ( 0 . o..n 30 )(o. 0011)2 

0 H;(0 . 0 :H 70)(0 . C 2 H 30)(0 . O 4 IT 7 O) . 

0.,H5(0 . 0,4H.270)(0 . 0,6ll3lO)(O . 0,8H330) 

CJljlO . 0 , 8 H 3 , 0 ) 2(0 . OigHaaO) . 

03115 ( 0 . 0 ,«H 3 , 0 ) 2 ( 0 . 0 , 8 H 350 ) . 

031 X 5 ( 0 . 0,8113, 0)(0 . 0,gU330)(0 . 0,gH350) 

03115 ( 0 . 0 , 8 H 350 ) 2 ( 0 . 0 , 9 H 3 , 0 ) . 

0 .,H 5 ( 0 . 0 , 8 n 3 ., 0 )( 0 . 0,gH350)2 

03H5(0 . 0,8H330)(0 . 0,8H350)a . . 

03115 ( 0 . 0 , 811330 ) 2 ( 0 . 0,gH350) . 

218 

302 

344 

386 

470 

554 

638 

722 

806 

794 

890 

884 

878 

878 

872 

866 

932 

974 

1052 

1226 

1394 

938 

986 

1034 

1082 

1178 

190 

274 

804 

832 

834 

860 

862 

888 

888 

886 

772-0 

557-3 

489-2 

436-1 

358-1 

303-7 

263-8 

233-1 

208-8 

211-9 

189- 1 

190- 4 

191- 7 
191-7 

193- 0 

194- 3 
180-6 
172-7 
160-0 
137-3 
120-7 
179-4 
170-7 
162-8 
155-0 
142-4 

885-8 

614-3 

209-3 

202-3 

201-8 

195- 7 

195-2 

189-5 
189-5 
189 9 


[Table 
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Saponification Values of Diglycerides 


Diglyceride. 

Formula. 

Molecular 

Weight. 

Saponification 

Value. 

Diacetin 

CgHoCOHXO.CaHsO), 

176 

637-6 

Dibutyriii . 

C3H,(0H)(0.C,H,0)2 

232 

483-7 

Divalorin . 

cyi 5 ( 0 H)( 0 .c,ii„ 0)3 

260 

431-5 

Dicaiiroin . 

CsH^COHlCO. C„H,iO)2 

288 

389-6 

Dicapryliii . 

C:,Hs(OH)(O.C8H.bO), 

C,H,(OH)(O.CioH,flO)a 

344 

326-2 

Dicaprin 

400 

280-6 

Dilaurin 

C3H5(0H)(0.Ci2H230)2 

466 

246-1 

Dimyristin . 

C,H5(0H)(0.ChH2,0)2 

512 

219-1 

Dipalniitin . 

C3ll5(0H)(0.C,«H3,0)2 

668 

197-6 

Distearin . 

O^Hj^OHXO . CigH 330)2 

624 

179-8 

Diolein 

CgHsCOHKO.CjgHa^O)., 

620 

181-0 

Dilinolin . 

Ogiij^onj^o . Ci8H3i0)2 

616 

182-1 

Diliuoleuin . 

1 C,}l,iOn){O.G,,H^O)^ 

612 

183-3 

Diricinolein 

'' OsHs^OIIXO . CigH3302)2 

652 

172-1 

Diarachin . 

C3H5(OH)(O.C2oH320)2 

680 

165-0 

Dierucin 

C3H3(0H)(0.C22H«0)2 

732 

153-3 

Dicerotin . 

03H6(OH)(O.C26H„0)2 

818 

132-3 

Dimelissin . 

C3H5(OH)(O.C3oH590)2 

940 

119-1 

Dihydroxystearin 

C3H3(0H)(0.C,gH3302)3 

656 

171-1 

Didihydroxystearin . 

C3H3(0H)(0.CigH3303)2 

688 

163-1 

Ditrihydroxystearin . 

C3H3(0H)(0.C,gH3,04)2 

720 

155-9 

Disativin . 

C 3 n,( 0 H)( 0 .C, 8 H 3303)3 

752 

M9-2 

Dilinnsin . 

Of Acid having Mol. 

C3Hb( 0H)(0. CigHj^O^), 

816 

608 ' 

137-5 

Wt. 276 . 

C3H3(0H)(0. R)j(R = 259) 


181-5 


Saponification Values of Monoglycerides 


Monoglyceride. 

Formula. 

Molecular 

Weight. 

Snponlltc. 

Value. 

Monoacetin .... 

Monobutyrin .... 
Monovalerin .... 
Monocai)roin .... 
Munocaprylin .... 
Mono(‘ai)rin .... 

Monolaiirin .... 
Monomyristin .... 
Monopalniitin .... 
Monostearin .... 
Monoblein .... 

Monolinolin .... 
Monolinolenin .... 
Monoricinolein .... 
Monosrachin 

Monoerucin 

Monocerotin .... 
Monomelissin .... 
Monohydroxystearin 
Monodihydroxystearin 
Monotrihydroxystearin 
Monosativin .... 
Monolinnsiu .... 
Of Acid having Mol, Wt. 276 . 

03113 ( 011 ) 2 ( 0 . 031130 ) 
C 3 H 5 ( 0 II) 2 (() . C^H,©) 

C3lfB(0H)2(0.C3H30) 

C 3 n 3 ( 0 H).,( 0 .CeiJ„ 0 ) 

C3H3(0H)2(0.C«H.50) 

C 3 H 3 ( 0 H) 2 ( 0 . cv 1 i» 0 ) 

C3H5(0H).i(0.C,.3H230) 

C3H3(0H)2(0.C„H3,0) 

C3H3(On)2(O.C,8H3iO) 

C3H3(0H)3(0.CjgH330) 

C3H3(0H)3(0.C,gH330) 

C,n 3 ( 0 H).,( 0 .Cj 8 H 3 , 0 ) 

C3H3(0H)2(0.C,8H290) 

C3H3(0H)2(0.cyi3,02) 

C3H3(0H)2(0.C*)H330) 

C3H3(0H).,(0.C„H«0) 

C3H3(OH)3(O.C2cH3iO) 

C 3 H 3 (OH),(O.C 3 oH„ 0 ) 
C3H,(0H)2(0.C,8H830a) 
C,H3(0H)2(0.C,gH,30,) 
C,H3(0H)3(0.C,3H8304) 
C,H5(0H)2(0.C,gH3303) 
C 8 H 3 ( 0 H),( 0 . Cj8H,307) 
C,H,(0H)3(0R)(R = 269) 

134 

162 

176 

190 

218 

246 

274 

302 

330 

358 

356 

354 

352 

372 

386 

412 

470 

626 

374 

390 

406 

422 

454 

860 

428-7 

346-3 

318-8 

295-3 

257-3 

228*1 

204-7 

185-8 

1700 

156- 7 

157- 68 

158- 6 

159- 4 

160- 9 
146-8 
136-2 
119-3 
106-6 
160-0 
143-9 
138-2 
188-0 
123-6 
160-3 
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Saponification Values of Waxes 


Wax. 

Formula. 

Molecular 

Wolglit. 

Saponific. 

Value. 

Cetyl palmitate, cetin 

CioIIsa 

0. 

CO, 


480 

116-9 

Octodecyl palmitate . 

Oialb? 

0. 

CO. 

G]5 11.31 

508 

110-4 

Ceryl palmitate 


0 . 

CO. 

G151131 

620 

90-5 

Molissyl palnutato, rayricin 


0 . 

CO. 

C.nlt,, 

676 

83-0 

Cetyl stearate .... 


0 

CO 


508 

110-4 

Ceryl cerotate .... 

Gael In:. 

0 

CO. 

CV.H,. 

760 

73-8 

Cocceryl coecerate, cocceriii 


(0 


1682 

81-2 

Chole.steryl palmitate 

C.27H43 

0 

CO 

C'lsll.ti 

624 

89-9 

Cholc.stcryl oleate 


0 

CO 

Git'I.k. 

650 

86-3 

Cholostoryl stearate . 

0.70 .r. 

. 0 . 

CO 

C„H., 

652 

86-0 

Isochole.steryl stearate 


. 0, 

CO 

^17^35 

652 

86-0 

Cholesteryl cerotate . 

C.7O.0 

. 0. 

CO 


764 

73-4 

Melissyl melisaate 

Psyllo.stearyl psyllostearylate . 

GaoOi.i 

. 0 , 

CO 


872 

64-3 

C33H07 

0. 

CO 

C 3 .ll«ri 

956 

-68-6 


Tiie prcfeding tables refer to neutral substances only, that is, to 
glycerides and waxes which are devoid of free fatty acids. 

Since the; natural oils, fats, and waxes contaii certain amounts of 
free fatty acids, depending on the state of purity of the specimen of 
oil, fat, or wax under examination, it cannot be expected that ditferent 
samples of one and the same kind of oil, fat, or wax will always have 
the same saponification value. Although the saponification values are 
characteristic numbers, as the following table shows, they should not 
bo considered as applying within very strictly defined limits to every 
specimen of the same kind, b’or, in the first instance, certain fluctua- 
tions must occur, which depend on the proportion of free fatty acids. 
These fluctuations will, as a rule, be small, since, to take an example, 
the amount of caustic potash rerpiired to saponify 100 parts of stearin 
differs by only 5 per cent from the amount of caustic potash Te([uired to 
neutralise 100 parts of stearic acid. This is clearly brought out by 
the following table : — 


Variation of Saponification Vain:) with the Amount of Free Fatty Acids 


Stearin, 

Ter coat. 

Stearic Acid, 
Per cent. 

Saponilk-aiion 

Value. 

Ncutrali.sation 

Value. 

100 

0 

189-1 

0 

75 

25 

191-02 

49-37 

60 

60 

193-30 

98-75 

25 

76 

195-41 

148-13 

0 

100 

197-5 

197-5 


Besides the proportion of free fatty acids, natural conditions, such 
as cbmate and difference of soil in the case of a plant, and race and 
age in the case of an animal, cause the saponification value to vary 
somewhat. 

VOL. I 2 C 





386 CHEMICAL METHODS OF EXAMINING OILS, FATS, ETC. chap. 


Saponification Values of Oils, Fats, and IV axes 


Oil. 

Clas.s. 

Grouii, 

Hapoii 111 cation 
Value. 

I’erillii .... 

Drying oils 


189-6 

Linseed . , 



192-195 

'run^' .... 



193 

LalleniiUitia . 



185 

Candle nut . 



192-6 

Stillinjtia 



210-4 

'White acacia 



192-4 

Cedar nut . 



191-8 

(lanlen rocket 



191-8 

Ilenin seed . 



192-5 

Burdock 



196-6 

Oynocardia . 



198-3 

Nsa-Sana 



191-6 

Walnut, Nut 



195 

Arbutus uncdo 



208 

Linaria 



188-6 

SalHower 



186-6-193-3 

Kaya .... 



188-4 

Inukaya 



188-5 

Ech inops 



189-6 

Soya liean . 



193 

I’oppy seed . 



195 

Anioora 



189-7 

Manihot 



188-6 

Melia azedarach . 



191-5 

Croton Elliotianus 



201 -5 

Henbane 



170-8 

Millet seed . 



183-8 

Ni^'t-r seed . 



190-2 

Sunflower 



193-5 

Yellow acacia . . 1 



190-6 

I’ara rultbcr tree seed . 



206-1 

Service berry 



208-0 

Celo.sia 



190-5 

Argenione 



189 

Fir seed 



191-3 

Bine nut . . . ^ 



192-8 

Madia .... 



192-8 

Strawberry seed 



193-7 

Raspberry seed 



192-3 

Hawthorn seed 



172-8 

Re<l currant sce<l . 



189 

Blackberry seed . 



189-6 

Tobacco seed , . j 



190 


[Table 
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Saponification Values of OUs^ Fats, ami JVaxes — continued 


Oil. 

class. 

Group. 

Sapoiiideatioii 

Value. 

Canieline 

Semi-drying oils 

Cotton seed oil 

188 

Gra {)0 si!C(] . 

1 group 

179 ; 190 

Cclanrlino . 

j 

198-2 

Daphne 

1 

19G-5 

Clover, red . 

' 1 

189-9 

,, wliite 


189-5 

Pumpkin seed 



188-4 

Water melon 



189-7 

Melon seed . 



193-3 

Maize (corn) . 



188-193 

Persimmon seed . 



188 

Wheat .... 



188-5 

Datura 



186 

Pecch nut . 



193-5 

Kapok .... 



181-196-5 

Cotton seed . 



193-195 

.Sesame 



189-193 

liasswood 



178-1 

Lemon pi[)s . 



188-4 

Lulla seed 



187-8 

Myrtle seed . 



199-8 

Ikpau seed . 



194-0 

An is .seed 



178-3 

Croton 



210-215 

Zachun 



194-1 

Cureas, purging nut 



193-2 

Brazil nut . 



193-4 

Mucuna 



178-22 

Sorghum 



172-1 (?) 

Tomato seed 



183-6 

Spindle tree . 



230-1 

Garden cress 


Rape oil group 

178-183 

Ravisou 



174-179 

Hodge mustard 



174 

Rape (colza) 



170-179 

Black mustard 



174 

White mustard 



170-174 

Radi.sh seed . 



173-178 

Jamba . 



172-3 

Small fennel 

Non-drying oils 


196-4 

Quince 



181-8 

Cherry kernel 



194 

Cherry laurel 



194 

Apricot kernel 



192-5 

Plum kerjiel . 



191-5 

Peach kernel 



192-5 

Almond 



191-0 

Wheat meal . 



166-5 (?)-182-8 

Sanguinella . 


1 

192-1 

Acorn .... 



199-3 
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Saponification Values of Oils, Fats, and Waxes — continued 


Oil. 

Clasii. 

Group. 

Sapimification 

Value. 

Calitbrnian nutmeg 

Non-drying oils 


191-3 

Owala .... 



1G8-4 

Arachia 



190-196 

Rico .... 



193-2 

Tea seed (Chinese) 


• 

195-5 

Tea seed (Assam) . 



’94-0 

Tsubaki 



180-9-192-6 

Sasancjua 



193-6 

Njore-Njole . 



193-1 

Pistachio 



191-3 

Hazel nut 



192-0 

Koeme .... 



196 

Elderberry . 



209-3 

Elozv .... 



155*3 (?) 

H tali' tree 



223-5 (?) 

Olive .... 



185-196 

Olive kernel 



183 

Calophyllum 



196-2 

Coffee berry . 



175 (?) 

Ungnadia 



191-5 

Ben .... 



181-187 

Strophantus 



187-9-191 

Senega root . 



193-8 

Sterculia 



187-9 

Paradise nut 



173-6 

Secale 



178-4-191-4 

Caiiari .... 



193-9 

Birch seed . 



211 

Oleander . 



202-5 

Torniinalia (Myrobalanj 



193-206 

Castor .... 


Castor oil group 

183-186 

Menhaden 

Marine animal oils 

Pish oils 

190-6 

.fajtanese sardine . 



189-8-196-2 

Salmon 



182-8 

Herring 



171-194 

Sturgeon . . . i 


1 

186-3 

Cramp . 



148-2 (?) 

Sunfi.sh , . . 1 



147-6 (?) 

Cod liver 


Liver oils 

171-189 

Haddock liver 



188-8 

Skate liver . 



185-4 

Shark liver . 



161-0 

Coal fish liver 



177-181 

Ling .... 



184-1 

Seal .... 


Blubber oils 

189-190 

Whale .... 



188-0-194 

Turtle .... 



209-211-3 
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Saponijicaiion Falues of Oils, Fats, and Waxes — continued 


Oil. 

Cla-ss. 

Group. 

Saponification 

Value. 

Dugoncr 

Marine animal oils 

Blubber oils 

197-6 

Dolpliiii (body) 



197-3-203 

Uoljiliin (jaw) 



290 

Porpoiso (body) . 



195 

Porpoise (jaw) 



264-272 

Brown iish . 



224-8 

Clirysali.s 

Terrestrial animal 


192 

Kg« .... 

oils 


184-4-190-2 

Sheep’s foot . 



194-7 

Horses’ foot . 



195-9 

Neat’s foot . 



194-3-199 

Oil or F.at. 




Chaulinongra 

Vegelable fats 

Chaulmoogra oil 

213 

Hydnocarpus 


group 

207 

Lukrabo 



210 

Parkia .... 


Laurel oil group 

184 '5 

Pongain 



178-183-1 

Laurel .... 



197-9-210 

Carapa . 



195-6 

Nux Vomica 


* 

166-2-170-6 

Baobab 



190-3 

Margosa 



196-9 

Niani .... 



195-6 

Kadain seed . 



197-6 

Inukusu 



241-39 

Mowrah seed . . 



188-194 

Illipt^ butter 


i 

188 -4 

Njavo .... 



182-18.5-3 

Aouara 


Palm oil group 

196-8 

Palm .... 



196-205 

Gamboge butter . 



196-4 

Akco .... 



194-6 

Macassar 



221-5 

Sawarri 



199-51 

Mafura tallow 



200-221 

Phulwara butter . 



190-8 

Nutmeg butter . 


Myristica group 

199-6 

Ucuhuba 



219-5 

Ochoco 



238-5 

Shea butter . 


Cacao butter group 

179-192 

Surin .... 



179-5 

MkAnyi 



190-5 

Rambutau tallow. 



193-8 




390 CHEMICAL METHODS OF EXAMINING OILS, FATS, ETC. chap. 


Saponification Values of Oils, Fats, and Waxes — continued 


Oil or Fat. 

Class. 

Group. 

Saponillcation 

Value. 

Malabar tallow 



188-7-192 

Cacao butter 



193 -OS 

Vei'ctable tallow . 



200-3 

Kokuni butter 



187-191 

Borneo tallow 



192-4-190 

Muriti .... 


Cocoa nut oil group 

216-2 

Mocaya 


240-0 

Cohuue 



253-9-2r)r)-3 

Maripa 



2:>9-5-270-.'> 

Aouara kernel 



2-12-9 

Palm nut . 



242-250 

Cocoa nut . 



210-200 

Cocos acrocomoidcs 



292-8 

Tonka butter 



2.57 

Dika .... 


Dika fat grouji 

214-5 

Tangkallak . 


208-2 

Cay-CiW 



235-3 

Kusu .... 



2S3-8 

Japan wax . 



2i7-‘2;i7-5 

Myrtle wax . 

1 



208 -7 

Icebear . . . j 

Animal fats 

Drying fats 



187-9 

Rattlesnake , 


210-9 

Blackcock . 


.Semi-drying fats 

201-6 

Lynx .... 


190-2 

Wild duck . . . I 



198-5 

Marmot . . . j 



197-1 

Horse . 



195-197 

Hare . . . . ; 



200-9 

Rabbit (wild) . . j 

1 



199-3 ' 

Rjibbit (tame) 


Non-drying fats 

202-0 

Horse marrow 


199-8 

Goose (domestic) . 



193-1 

Goose (wild) 



196 

Chicken . , 



193-5 

Human, adult • . 


195 

liard .... 



195-4 

Wild boar . 



195-1 

Dog .... 



195-4 

Wild cat . . . 



199-9 

Domestic cat 



190-7 

Beef marrow 



199 

Bone .... 



190-9-195 

Beef tallow . 



193-2-200 
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Saponification Values of Oils, Fats, and Waxes — continued 


Fat. 

Class. 

Group. 

Saponili nation 
Valun. 

Muttoji tallow 

Animal fats 

Non-drying fats 

192-195-2 

Klk .... 



195-1 

Reindeer 



194-7 

Roebuck 



199-0 

Fallow buck . 



195-e 

Stag .... 



199-9 

Butter .... 

J 

Milk fats 

220-2.13 

Wax OH. 




Spcrjil oil 

. . ^ 

Li(iuid waxes 


123-1 .17 1 

Arctic sjierni oil . 



123-135-9 

Carnaiiba wax 

Solid waxes 

I 

Vegetable waxes 

79-95 

Pisaiig wax . . . ^ 



109 

Flax wax 



101-5 

Wool wax 


Animal \vaxe.s 

102-4 

Beeswax 



90-98 

S|H!rniac(.'ti . 



! 123-135 

Insect wax . 



80-5-93 


A consideration of the forej^oing niunhers shows that the waxes 
are characterised by low saponification values, so that these nutnbers 
alone aiTo]*d a ready means of differentiating waxes from oils and fats. 

It will further be seen that the majority of oils and fats have saponi- 
fication values lying in the neighbourhood of 193. In the case of 
unknown samples, wide deviations from this number in either direction 
will at once enable tiie analyst to single out individual oils or fats. 

Thus, oils belonging to the rape oil group are characterised by a 
considerably lower saponification value, viz. about 175. The lower 
saponification values of these oils find their explanation in the large 
proportion of erucin they contain. Similarly, castor oil may be differ- 
entiated from the bulk of the other oils by its lower saponification 
values, due to the presence of ricinoleic acid. 

On the other hand, large deviations in the opposite direction enable 
us to single out a number of oils and fats, and hence render their recog- 
nition a comparatively easy task. Thus the high saponification values 
of the fluid portion of dolphin and porpoise oils are indicative of a high 
proportion of the lower fatty acids. A prominent example of a char- 
acteristically high saponification value is that of butter fat, so that by 
the saponification value alone, butter fat can be differentiated from 
margarine. High saponification values are characteristic of fats 
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containing preponderantly myristic acid, and especially of the members 
of the cocoa nut oil and dika fat groups. 

It sliould be noted that the preceding remai ks as to the indications 
furnislied by the sa])onihcation value refer to unadulterated oils, fats, 
an<l waxes, i.e. to commercial samples wliich may contain a smaller or 
larger amount of free fatty acids, as also small amounts of uiisaponiliable 
matter. If mineral oils or other unsaponifiable substances are intermixed 
with the fatty substances, then, naturally, the indications furnished 
by the saponification values alone, if considered without further investi- 
gation, would be entirely misleading, since the unsaponifiable matter 
naturally depresses the saponificati<m value. Thus, to take an example, 
an oil having the saponification value 193, if adulterated witli 10 per 
cent of mineral oil, would show a saponification value of about 175, 
and might, therefore, be mistaken for a rape oil, if no further tests were 
applied. 

Again, if colophony (rosin) be dissolved in the fatty substance, 
tlie saponification value will remain unaffected, if rosin of about the 
same saponification value bo used ; with a rosin of a somcwliat lower 
saponification value, the saponification value of the mixture would, of 
course, be somewhat depressed. 


2. (Bromine or) Iodine Value 

The {bromine or) iodine rahie indicatefi the percentage of {bromine or) 
iodine chloride absorbed bif a fat or max, exjnrssed in ter)ns of {bromine or) 
iodine. 

This value is a measure of tlie proportion of unsat iiratcd fatty 
acids, which, both in their free state and in combination witli glycerol, 
have the property of a.ssiinilating halogens with formation of saturated 
compounds. 

Theoretically, the acids belonging to the oleic and ricinoleic series 
should absorb two atoms of chlorine, bromine or iodine, or one molecule 
of iodochloride. Hence the glycerides of these acids should absorb 
six atoms of chlorine, bromine or iodine, or three molecules of iodo- 
chloride, Similarly the acids of the limdic series should assimilate 
four atoms of halogens or two molecules of iodochloride ; the members 
of the cliaulmoogric series should assimilate two atoms of halogens or 
one molecule of iodochloride ; the members of the linolenic series six 
atoms of halogens or three molecules of iodochloride ; and the members 
of the clupanodonic' series eight atoms of halogens or four molecules 
of iodochloride. 

Whilst these theoretical postulates are borne out by experiments 
in the case of oleic, ricinoleic, linolic, chaulmoogru;, linolenic, and 
clupanodonic acids, it appears that this rule only applies to doubly 
linked carbon atoms. Trebly linked pairs of carbon atoms should, 
theoretically, absorb with equal facility four atoms of chlorine, bromine, 
iodine, or two molecules of iodochloride. Experience has, however, 
shown (Chap. III. p. 145) that only two atoms are readily absorbed. 
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In the case of chlorine and bromine two molecules can be added by 
allowing the action to last a prolonged time, especially if this action 
be assisted by catalysts (ferric chloride, etc.) and exposure to light. In 
the case of iodine and iodochloride only one molecule of halogen is 
absorbed. Tliis behaviour would seem to constitute a most charac- 
teristic means of differentiating the acids of the linolic series from the 
isomeric acids of the stearolic series (see Chap. III. p. 202). 

Obviously the pre})aration of |>rodu(;ts containing chlorine, absorbed 
solely by a process of addition, is attended with more difficulty than 
that of bromo-, iodo-, or iodochloro-addition products ; hence in 
technical analysis only bromine and iodine- -the latter in the form of 
iodochloride— are employed. 

Bromine Value 

IE dry bromine is allowed to act on an oil, it is absorbed with a 
more or h^ss violent reaction, and evolution of hydrobromic acid takes 
place. The reaction must therefore be moderated by previously 
dissolving both tlio bromine and the oil in a suitable solvent. 

T1u 5 determination of bromine absorption values was fust proposed 
by Caillelet (1857) ; the application of this method to the analysis 
of fats is, Ivowever, due to Mills ^ and his collaborators Snodtjrass 
and Akift. 

Mills ])roceeds as follows : — ()•] grin, of an oil or fat, dried thoroughly 
and filtered, is dissolved in 50 c.c. of carbon tetrachloride placed in a 
narrow-mouthed stoppered bottle of KX) c.c. capacity. To this solution 
is added a standard carbon tetrachloride solution of bromine (about 
0-00G-()-008 grin, per c.c.) until after the lapse of fifteen minutes the 
colouration persists. Tlie excess of bromine, can be measured either 
by comparing the colouration with that similarly produced in a blank 
experiment, or, more accurately, by titrating back with a standard 
solution of jS-naplithol in carbon tetraeldoride, when monobromo- 
na])hthol is formed. The bromine absorbed is calculated to 100 grms. 
of fat . Ihie average jnobable error is stated to be 0-46 per cent. 

Mills laid the greatest stress on the necessity of rigidly excluding 
moisture, since the bromine absorjition number is found too high in 
the presence of water ; therefore acpieous solutions of bromine must 
not be used. Carbon tetrachloride was substituted for carbon bi- 
sulphide, for the reason that at the ordinary temperature the solution 
of bromine is more stable in the former solvent than in the latter.^ 
Instead of )3-naphthol, potassium iodide may be added, and the liberated 
iodine titrated with sodium thiosulphate. 

In the course of the reaction small quantities of hydrobromic acid 
are formed, due to the substitution of hydrogen by bromine in the 

’ Jvnrn. Soc. (Item, hid,, 1883, 435 ; 1884, 366. 

The following reaction taking place in a aolution of bromiiu' in carbon bisnlpliifle 
should 1)1' noted tus involving loss of bromine. After several days’ standing (•S 2 Br 4 is 
formed ; this i.s decomposed by water (moisture) "ith separation of crystals of (CBral-jS.,. 
-(J. L.) 
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molecule of the fatty substance. (The hydrobromic acid thus formed 
can be detected by shaking the product with watcf and testing the 
aqueous solution with silver nitrate.) 

Thus concurrently with addition (?.e. absorption of bromine due to 
bromine being assimilated by one molecule of an unsaturated glyceride, 
to form a saturated compound), a further quantity of free bromine 
disappears, owing to the formation of substitution ])roduets and lienee 
of hydrobromic acid ; tlierefore the total absorption of bromine, as 
measured by tlie method described, is due to both addition and 
substitution. 

The more concentrated the bromine solution employed, the greater 
is the amount of substitution products formed ; it is therefore (evident 
that bromine values obtained by allowing dry bromine to act on an oil 
are apt to be too high. 

A measure of the amount of substitution that has taken plac-e is 
furnished by the quantity of hydrobromic acid formed. Hence the 
true bromine value would be the dilference between the total bromine 
assimilated and the bromine absorbed by substitution. 

M^'Ilhineu ^ determines the “ bromine addition ’’ and the bromine 
substitution ” values in the following manner ; - 

From 0-25 to 1-(.X) grin, of the oil or fat is dissolved in lO c.c. of 
carbon tetrachloride in a 5(KJ c.c. stop])ered bottle, and an excess of 
a ^ normal solution of bromine in carbon tetrachloride, is added. After 
a few minutes the bottle is placed in ice so that a partial vacuum is 
produced by the condensation of the va])ours. A piece of india-rubber 
tubing is now slqqied over the neck so as to form a well around the 
stopper. The well is filled with water, wliich is sucked into the bottle 
by carefully lifting the stopper. 2.5 c.c. of water are introduced into 
the bottle, the content.s are well shaken (to effect complete absorption 
of the hydrobromic acid), and 10-20 c.c. of a 20 jier cent solution of 
potassium iodide and about 75 v.v. more water are added. The iodine 
liberated by the exce.ss of bromine is measured by titration with 
standard thiosulphate solution, and calculated to bromine. The 
total amount of bromine added is ascertained in a blank test ; the 
difference between the two amounts corresponds to the total bromine 
absorption. This i.s calculated to units per cent of the sanqile taken. 

The contents of the bottle are next transferred to a separating 
funnel, and the aqueous solution is separated and filtered. If it be 
blue, it is decolourised by a few drops of thiosulphate solution, and the 
free acid is determined as hydrobromic acid by titration with decinormal 
alkali, methylorange being used as an indicator.^ The bromine calcu- 
lated from the hydrobromic acid and expres.sed in per cent of the sample 
gives the bromine substitution value. Twice this number subtiacted 
from the total bromine absorption furnishes the bromine addition 
number. 

It is obvious that the substitution number must be doubled, since 

* Jouni. Soc. t'hem. Ind.i 1894, 668. 

Cp. Allen, Cimmercinl Orgnnir. Andlt/.si.s, ii. 384. 

^ For another method c;p. M^llhiuey, Journ. Avier. Clte.m. Soc., 1899, 1084. 
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for each bromine atom converted into hydrobromic acid, there has 
been removed from the original bromine solution 1 molecule (or 2 
atoms of bromine), as is explained by the following e<![uation : 

C„H». 02 + Br 2 =C„H,„_j 02 Br-l- HBr. 

Fatty Acid. Bromosubstitution 

product. 

F. Telle ^ is of the opinion that his method permits to effect complete 
addition of bromine without simultaneously obtaining substitution 
products. For the details of his method the original paper must be 
consulted. 

A (jranitnetric process for the determination of the bromine value 
proposed by Hehner and (independently) by Waller ^ has been shown 
by Lewkowitsch ^ to be unreliable. Whilst in a number of cases {e.g. 
olive oil) the proposed method led to results agreeing with those obtained 
by HiihVs standard method (see below), enormous discrepancies were 
observed in a number of other cases.'* 

The determination of the bromine value has been wholly sujiei’scded 
by the determination of the iodine absorption value according to Hilbl's 
and Wijs' methods. These methods yield fai more constant and 
reliable results. In fact, the reliability of bromine absorption processes 
is gauged by comparison with the iodine numbers as found in HiihVs 
and Wijs' processes. For this jiurpose, bromine values ajc calculated 
to iodine values by multiplication with yjj'( = 1-5875). It should, 
however, be distinctly undwstood that bromine values are not directly 
(convertible into iodine values, since a varying amount of substitution 
(by bromine) takes place concurrently with absorption, as pointed out 
already. Therefore, the bromine absorption method should only be 
resorted to in exceptional cases, such as in the examination of rosin 
oils (Vol. III. Clia]). XV.) or of linseed and boiled oils suspected of 
being adulterated with rosin oils. 

The bromine absorption method has found useful application in 
the “ Bromide Tost ” (Cha})S. VII. and VIII.). 

Hiihl^ found that iodine is assimilated by oils and fats only slowly 
at the ordinary temperature, whilst at higher temperatures ® the action 
of iodine becomes very irregular, owing to complicated reactions taking 
place. He ascertained, however, that from an alcoholic solution of 
iodine, in the presence of mercury bichloride, glycerides of the un- 
saturated fatty acids absorb iodine in a very regular, well-defined 
manner, so that a (piantitativc method can be based on this reaction. 
The following solutions are required for HUbl’s process : — 

^ Jouni. tie Chini. et de /’/?)/.%•., 1905, 111, 183. 

» Analyst, 1895, 280. It .shouUl be iioteil that Waller e.xamined olive oil ouly. 

Journ. Stx, Cketn. hid., 189(5, 859. 

* Op. also Jenkins, Journ. Soc. Chem. hnl., 1897, 193. Proeter and Bennett, iUd., 
190(5, 799. 

Journ, Soc. Chem. Ind., 1884, (541. 

« Ibid., 1894, 61(5 (Schweitzer and Lungwitz). 
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1. Solution of Iodine and Mercury Bichloride, called hereafter ^for 

brevity) Iodine This is prepared by dissolving on the one 

hand 25 grms. of iodine in 500 c.c. of pure 95 per cent alcohol, and 
on the other hand 30 grms. of mercury bichloride in the same amount 
of 95 per cent alcohol (filtering this solution if necessary), and mixing 
the two solutions. The iodine solution undergoes considerable reduction 
in strength {i.e. in free iodine) during the first hours after mixing, and 
should, therefore, be allowed to stand for twelve to twenty-four hours 
before use. It is not advisable to use iodine solutions older than 
twenty-four hours. After that time the iodine solution gradually 
loses strength and is apt to lead to uncertain results. It is convenient 
to keep both the iodine and the bichloride solutions in stock separately, 
and prepare only so much iodine solution as is required for a test. 

2. Solution of Sodium Thiosulphate (hyposulphite).— This is prepared 
by dissolving about 21 grms. of the crystallised salt in lOCO v.c. of water. 

It is standardised by the following method (due to Volhard) Weigh 
off accurately 3-8657 ^ grms. of pure potassium bichromate,*^ and 
dissolve in 1000 c.c. of water. Place in a stoppered bottle 10 c.c. of a 
10 per cent potassium iodide solution, and 6 c.c. of hydrochloric acid, 
and run in exactly 20 c.c. of the bichromate solution from a burette. 
Since each c.c. of this solution liberates precisely 0-01 grm. of iodine, 
altogether 0-2 grm. of iodine will be set free. This is titrated by means 
of the thiosulphate solution as described above. The advantage of 
this method ov(;r the older method of .starting from re-sublimed iodine 
lies in its rapidity, the somewhat laborious and tcdoiis })reparation 
and w'eighing oil of pure iodine being saved.* Moreover, the bichromate 
solution keeps for an indefinite time without alteration, and is always 
ready for ascertaining the strength of the thiosul])hate solution.^ 

3. Chloroform, or Carbon Tefmc/doru/c.— These solvents are tested 
for purity ^ by mixing 10 c.c. with 10 c.c. of the iodine solution, and 
titrating the free iodine after tw'o or three hours’ standing. The 
amount found should be exactly the .same as that contained in 10 c.c. 
of the iodine solution. — Mther must not be used in pla(;e of chloroform, 
as it very frequently contains hydrogen peroxide, which acts on 
potassium iodide with liberation of iodine. Benzene, free from thio- 
phene,^ is a suitable substitute for chloroform or carbon tetrachloride. 
In the case of highly oxidised oils, which are no longer completely 
soluble in carbon tetrachloride, glacial a(-etic. acid should be employed ^ 
(cp. Vol. III. Chap. XV. “ Solid Lin.secd Oil ”). 

' * O--10, H^l'OOS, Cr = 52'l. The weight is calculated from the following equa- 
tion : — 

t- 1411C1 s fiKl^Cr^Cle-f 8K01 + 711.^0 1- 31.^. 

® It is necessary to ascertain its purity, as also the absence of 8o<liuni bichromate, by 
determiuijig its oxidising value. 

" For a method of .standardising by nican.s of ]laS.jO;„ cp. Plumpton and Chorloy, 
Proc. Chan, fhx-,, 1895, p. 38 ; F. Horde {Jiidl. f<de>ice.i Pharm., 1909 (10), 654) 
proposes to substitute antipyriiie for thiosulphate solution. 

■* Commercial carbon tetrachloride not infrequently contains carbon bisulphide ; cp. 
also p. 393. 

" Farnsteiner, Ze'ds.f. Unttra. d. Sahrgs- u, iJenushm., 1898, 529. 
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4. Solution’ of Potassium Iodide . — This is prepared by dissolving 
100 grms. of potassium iodide in 1000 c.c. of water. Commercial 
potassium iodide frequently contains iodate, which with hydrochloric 
acid gives free iodine. Such impure iodide may, however, be employed, 
if accurately measured volumes be used and the liberated iodine be 
taken into account. 

5. Starch Solution.— -This should be prepared afresh for each analysis 
by stirring 0*5 grm. of y>ure starch in 50 c.c. of cold water, and heating 
to the boiling point with constant stirring. 

The determination of the iodine value is carried out as follows : — 
From 0-15 to 0-18 grm. of a drying or a marine animal oil, 0-2 to 0-3 
grm. of a semi-drying oil, 0-3 to 0-4 grm. of a non-drying oil, or 0-8 
to 1-0 grm. of a solid fat, arc weighed off accurately, and placed in a 
bottle of 500 to 800 c.c. capacity provided with a well-ground stopper. 
The fat is dissolved in 10 c.c. of chloroform, or carbon tetrachloride, 
and 25 c.c. of the iodine solution are run in from a pipette. The pipette 
should always be emptied in exactly the same manner : this is best 
done by allowing it to drain, until two or three drops have run out. 
For larger (juantities of substance than tho.se stated above, 50 c.c. 
must be used. In order to prevent lo.ss of iodine by volatilisation, it 
is advisable to moisten the stopper with potassium iodide solution. 
The solvent and the iodine solution should give a clear solution on 
shaking ; otlierwise more solvent must be added. The bottle is then 
allowed to stand in a dark place.^ Should the deep brown colour of 
the solution disappear after a sliort time, another 25 c.c. of the iodine 
solution must be run in, as an excess of iodine is essential for complete 
absorption. After two hours the solution must still exhibit a deep 
brown colour. I\lost of the iodine is absorbed during the first two 
hours. The reaction then slows down : it cannot be con.sidercd com- 
plete before the lapse of six to eight hours in the case of solid fats and 
non-drying oils, and twelve to eighteen hours in the case of drying oils 
and marine animal oils. Semi-drying oils require eight to ten hours. 
After standing for the re(juisile number of hours, 15 to 20 c.c. of the 
potassium iodide solution arc run in, the liquid is well shaken, and then 
diluted with 4(1) c.c. of water.*-^ The appearance of a red precipitate 
of mercuric iodide at this stage would indicate that an insufficient 
(quantity of potassium iodide liad been employed ; therefore, more 
must be added. The excess of free iodine, part of which will be in the 
aqueous solution, the remainder being dissolved in the chloroform, or 
carbon tetrachloride, is titrated with the thiosulphate solution by 
running the latter into the bottle until, after repeated agitation, both 
the a(pieous and the chloroform, or carbon tetrachloride, layers are but 
faintly c<doured. A few drops of the starch solution are next added 
and the titration is then brought to an end. Immediately before or 
after this titration, 25 c.c. of the original iodine solution are standardised 
in exactly the same manner. The difference between the two figures, 

1 Cp. S. F. Topoll’, Jmtrn. Huss. Hiys. Chem. 1906 (3S), 1114. 

^ Cp. Ingle, Journ, Soc. Chem. Jnd., 1902, 587, and Harvey, ibid., 1902, 438; cp. 
also Ingle, ibid,, 1904, 422, and 1908, 314. 
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corresponding to absorbed halogen, is calculated in terms of iodine 
to units per cent of the sample. The number thus found is termed the 

iodine value. 

The values as obtained by Hilbrs method are quite constant, pro- 
vided an excess of iodine, not less than the amount actually absorbed, 
has been employed, and the operations be always carried out under 
identical conditions. The results do not depend on the concentration, 
nor on an excess of the mercuric bichloride solution, but it is necessary 
that for every two atoms of iodine at least one molecule of mercury 
bichloride be present. 

When the titrated solution has stood for some time, it becomes 
blue again ; this is no doubt due to the splitting off of iodine, thus 
proving that the action of iodine on unsaturated compounds is to some 
extent a reversible one.^ However, this change does not in the least 
interfere with the accuracy of the titration. 

Example . — Weighed off 0-3304 grm. of lard, dissolved in 10 c.c. of 
carbon tetrachloride, added 25 e.c. of iodine .solution, which required 
in a blank experiment 60-9 c.c. of thiosulphate .solution, Iti-ir) c.c. of 
which were equivalent to 0-2 grm. of iodine. For titrating back the 
excess of iodine in the experiment there were required 39 0 c.c. of 
thiosulphate solution. Hence, the ab.sorbed iodine corresponds to 
60-9 " 39-(i = 2T3 c.c. of thiosulphate solution. 

Since 16-45 c.c. of thiosulphate .solution are equivalent to 0-2 grm. 
of iodine, 21-3 c.c. correspond to = 0-2589 grm. of iodine. Hence 

0'3394 grm. of lard ab.sorbed 0-2589 grm. of iodine, or KX) grins, absorbed 
grms, of iodine. The iodine value of the specimen of 
lard is therefore 76-28.^ 

HiihVff proce.ss has been examined by many cliemists, and proved 
itself to be one of the most valuable methods employed in the technical 
analysis of oils, fats, and waxes. The chemical literature of the last 
twenty years contains numerous papers by various authors purfiorting 
to furnish improvements or modifications of the original method. Most 
of them refer simply to minor or entirely unimportant points. Some 
of them even reproduce methods which Iliibl rejected. With the 
exception of the important Wijs modification (described below) they 
are omitted here, and the reader must be referred for a short survey of 
the earlier literature on this subject to the .second edition of this work. 

It need only be stated that, long before a comprehen.sive explanation 
of the reactions taking place in HubVs ingenious process was found, 
the numbers obtained by his method afforded the most valuable guid- 
ance in the examination of oils and fats. Hubl himself explained the 
reaction by assuming that a chloro-iodo-addition compound was formed, 

* Tlie react inn of bromine on un.saturated coinponud nmy be considered, for jiractical 
pnrpo-ses, .as non-reversible. 

For rapid calculation the logarithms of the factor 0-2 c.c. divided by the number of 
c.c. of thiosulphate are t.'ibiilatcil in Table No. 11 of the author’s The iMboratory 
(jovijtanvm to Fala and Oils Industries, Macmillan and Co., 1901. 
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he Itaving obtained from oleic acid a saturated fatty substance, to 
which he ascribed the formula CjgHg^ClIOg. 

If Huhl'n view is correct, then theory requires, in the first instance, 
that saturated fatty acids should have no iodine value ; secondly, that 
pure iinsaturated fatty acids should furnish iodine values agreeing with 
the theoretical numbers. 

As regards the first point, I examined a number of pure saturated 
fatty acids, as also amyl alcohol, with the following result : — 

IchUik! Valui' (100 grnis. abaorb 


gnus, uf lodiiH*). 

Propiunic acid ..... 0-60 

Butyric ...... 0-3<> 

Lsobutyric ...... 0-00 

Valeric 1-32 

(’aproic 0-30 

(l<]nanthic ....... ()-(X) 

C’aprvlic ... . . . . 0*55 

Pclargu.iiic 1-83 

Capric ... . . . . 0-3 1 

Laurie ...... 1-12 

Palmitic ....... 0*13 

Stearic ....... 0-20 

('erotic ’ .. . . . . . 1-34 

Dihydroxy. stearic acid .... O-Ou 

Amyl alcohol ..... 0-00 


The iodine values should, of course, have been in all cases nil, but 
considering the ditiiculty of satisfactorily purifying the fatty acids 
named, the result, may be accepted as proving the fact that saturated 
fatty acids have no iodine value. 

The second ])ostiilate is borne out by the experiments set out in 
the following talilo • 


Fatty Acids. 

Forjnula. 

Atoms of lodino 
rciniircd to form 
a SatunCed Com* 
poimtl. 

100 Gm 
ab.sor 

'Plipory - ' 

IS. of Acid 
t) Iodine. 

Experiment. 

Observer. 




Grms. 

Grm.s. 


Oleic 


2 

90-07 

89 

Gcitel^ 

Klaidic . 

(',sT 1,40„ 

2 

90-07 

90-54 

Sayt/.efF^ 

Brassidic 


2 

75-15 

75-34 

SiiytzclT ® 
r Alexamlroir 

Lsoerucic 

Coalh-Pa 

2 

75-15 

74-42 

\ ami 
\ Saytzotr'' 



Cholesterol . 


2 

65-8 

67-3-68-09 

Lewkowitsch^ 


' Commercial .acid. “For I -127. 

Janni. f. pra/d. Chfiu., 1888 (37), 59. Ihid., 1894 (50), 75. 

» ./bid., 1894 79. Ifdd., 1894 (49), 01. 


7 Ikrichte, 1892, 66. 
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It must, however, be pointed out distinctly that it is not permissible 
to conclude, from the excellent agreement between theory and experi- 
ment in the cases recorded in the last table, that substances, otlier than 
those mentioned above, having unsaturated linkages also yield the 
theoretically required iodine values. Thus the author ^ obtained the 
results recorded in the following table with IliihVs solution 


Substance. 


; Unclecylonic .acitl 
(’rotonic acid 
j Fumaric acid 
■ Malcic acid . 

; Cinnamic acid 
I Styracin 


'I’lieoty. 

Experiment. 

1.38 

121-125 

29.5 ! 

i 25-25-9 

219 

1 nil 

219 

nil 

170-9 

! 15-3-1 0-4 

191-7 

81-9-82-9 


G. Ponzio and Gastaldi confirm the above results for t rotonic and 
undecylenic acid. It is, therefore, evident that the position of the 
double linkage plays an important part in the behaviour of a fatty 
acid in the iodine absorption test. As stated already on p. .‘192, the 
naturally occurring acids conform to the theoretical postulates, which 
is confirmed by the last but one table ; yet from observations by 
Ponzio and Gastaldi ^ the fact becomes apparent that if the double 
linking is in the a-^ position, ^ as in the case of 2-3 hypogfcic or 2-3 
oleic acid, very low iodine values are obtained if IliibVs solution be 
used according to the above-given directions. Thus 2-3 hypogneit; 
and 2-3 oleic acid gave the iodine values fi-fi and 8*7, instead of 99-8 
and 90-07 respectively. 

From these and similar results the conclusion must be drawn that 
it is the position of the double bond in the unsaturated acids that 
influences the iodine ab.sorption. If the double bond is distant from 
the carboxyl group, as in ordinary oleic and undecylenic acids, the 
iodine value is normal, whilst if it is nearer the carboxyl group, as in 
the case of the other acids in the table given above, the iodine value is 
lower than the theoretical value. Further exp(‘riments showed that 
by prolonging the time of absorption to seventy hours, 2-3 oleic acid 
gave an iodine value (of 45*9 by Hanus’ method) of 86-8 by Wijs' 
method. The ab.sorption was due to addition and not to substitution. 
It would thus appear that the determination of the iodine value 
furnishes a means of drawing some conclusions as to the position of the 
double bond in an un.saturated acid. 

* St-e secon<l edition of this work, p. 17tJ ; cp. neiirick.seii. Linbig's Annatev, 
336, 323, and Bauer, Berichte, 37, 3317 ; Fahrion, Zeil. f. angew. C/icm., 1901, 1226 ; 
Wake and Ingle, Journ. Soc. Chem.. Ind,, 1908, 315. 

Gazz. chim. Hal., 1912, 42, 92. 

^ For Bouguult's method of separating un.saturated a-/J fatty acids (oftlie typeCHR : 
CII.COaH, and of the type CII 2 : CR.CO 2 H) from fi-y unsaturated uoidw, by means of 
iodine and yellow rnercurie oxide (nascent byjKjiodous acid) the original must be con- 
sulted {Compt. rend., 1904 (139), 804). 
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The author further confirmed that all glycerides and fatty acids 
whicJi occur in commercial oils, fats, and waxes do conform with 
theory, if treated with the Huhl iodine solution according to the 
dii'cctions given above, or with the Wijs solution according to the 
conditions laid down below. According to the author's experience, 
which extends over many years, the iodine value may be relied upon 
as one of the safest guides in the technical analysis of fats and waxes. 

The apparently capricious results which a number of observers 
obtained with HiihVs method in the case of natural oils and fats were 
explained by those observers by assuming that, simultaneously with 
the addition of iodine, or iodochloride, substitution takes place in the 
glyceride molecule, with formation of hydriodic acid — much in the 
same way as substitution takes place in the case of bromine with 
formation of hydrobromic acid (see above). It has, however, been 
shown by iy?^'6’ ^ that the free acid found in the solution after absorption 
had taken place from HubVa iodine solution, was not hydriodic but 
hydrochloric acid. Waller had proved the occurrence of hydrochloric 
acid before ITcys, but he erroneously ascribed its formation to a sec.'ond- 
ary reaction, namely, the action of free chlorine on the water present. 

In this connection it may be pointed out that W(dler ])roposed to 
render UdhUs solution more stable by the addition of hydrochloric acid 
to the iodine solution. A number of iodine determinations canied out 
by means of Waller s solution were published by continental observers ; 
therefoi’e, his oiodat^ :)peraiidi may be brie% described : - 
solution is ])repared by dissolving 25 grnis, of iodine in 200 c.c. of strong 
alcohol on the one hand, and 25 grins, of mercuric chloride in 200 c.c. 
of strong alcohol on the other, then adding 25 grins, of strong hydro- 
chloric acid, of the specific gravity 1-19, to the latter solution, finally 
mixing the two solutions, and making up to 500 c.c. with alcohol. It 
will be noticed that Waller's solution does not conform to Iluhl's 
direction, that there should be present at least one molecule of mercuric 
chloride — 27-5 gnus. — to one molecule of iodine — 254 grins. It will 
be further noticed that this' solution is about twice as strong as the 
Huhl iodine solution. — Although the numbers obtained by Waller's 
method, in the case of oils and fats, do not deviate widely from the 
llubl nunilicrs, the method is not free from objection, and will therefore 
not be further considered in this work.- It may, however, be pointed 
out that in the case of mineral oils, cholesterol,^ and naphthenic acids,'* 
Waller's solution yields results which are at complete variance with 
those obtained by HiibVs method. 

The next important step in the scientific explanation of the Huhl 
reaction was made by Ephraim J* He observed that the Hiibl solution 
required a much larger amount of sodium thiosulphate after addition 

' Zeits. f. analyt. Vhem., 1S9S, 277. 

Cp. also Ingle, Journ. iSoc. C/wm. Ind., 1902, 587. 

•* Mai'cnsson, Chem. ZeiL, 1907, 420. 

■* Schwarz an<l Marciis.son, Chem, Jievve, 1908, 165. 

Analyst, 1895, 176. 

2 D 
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of potassium iodide tliaii without it, and concluded therefrom that on 
mixing the components of the Hiihl solution there is formed at once 
a substance capable of liberating iodine from potassium iodide. 

The chemical change taking ])lace in the iodine solution was expressed 
by Ephraim by tlie following e(juation : 

HgCLJ l^-HgClI I ICl. 

This e(puition would correspond to IluhVs directions, that for 2 atoms 
of iodine at least 1 molecule of mercuric chloride must be used. A 
solution of iodine monochloride of the same strength as that of the 
Iluhl solution must contain 10 25 grins, in 1000 c.c. A number of 
experiments carried out with iodine monochloride solution of the 
specified strength on oleic acid, lin.seed oil, po])py s<;ed oil, sesame oil, 
almond oil, arachis oil, olive oil, and castor oil in the same fashion as 
is done in Huhl'a iodine test, furnished results identical with those 
obtained ,by Huhl's method. Ephraim. conclude.s, theiefore, that 
alcoholic solutions of iodine monochloride may be substituted for the 
Hubl solution. 

A confirmation of Ephraim's views, and of Waller's statement 
regarding the occurrence of hydrochloric acid, is found in Wijs' ^ 
experiments, which led to a satisfactory explanation of the reactions 
occurring in the Jliihl solution. The first change taking ])lacc on 
mixing the solutions of iodine and of mercuric chloride is i-i'presented 
by the following equation : — 

Hg{;bf 2 l 2 -HgIo 42 lCI . ’ . . . (1). 

It must be left an open (juestion whether the action takes jdace in two 
stages, as shown by the two ecjuations 

HgCI f 1 .^ HgCll f ICl 
Hgt'II i J . Hglj i ICl, 

or not. 

The equation (1) must be looked uj)on as repre.senting a state of 
equilibrium between the four substances, .since by dissolving mercuric 
iodide (Hglo) in iodine chloride (Id) .solution, a mixture identical witli 
the Hiihl iodine .solution is obtained. Ecpiation (1) should, therefore, 
rather be considered as representing a reversible reaction, though the 
colour of the .solution would point to a ])reponderance of the .sy.stem 
Hgda-f 21.2. Concurrently with this main reaction, the following 
changes occur;- The iodochloride (ICl) formed reacts with the water 
contained in the 05 per cent alcohol in the following manner : 

ICl ) HCl fHlO .... (2), 

but this change .soon reaches a limit, .since the hydrochloric acid (HCl) 

' Epliraiiii .st.'itc.H distijictly tlmt Hum equation inu.st not neee.MSurily l.e eon-sidered a.s 
(jxpresving tlie eheinieal cliunge quantitative!}'. 

Jaunt. AV<. (jhntt. lud., 1898, <i9S ; ZeiL^. f. amjfw. Che7/i., ]S98, 291; cp. 
also Skrahal and BiicLta, t'firm. Zeit., 1909, 1192 ; 1911, 058. 
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thus formed precludes the complete decomposition of the water present. 
The hypoiodous acid (lOH) is converted into iodic acid and free iodine, 
thus : — 

5IOH-103H4-2H,,0+4I .... (:}), 

althougli very slowly, for the amount of hypoiodous acid (lOH) is, 
as shown, a limited one. Since, however, the iodic acid will interact 
with free iodine and the hydrochloric acid (see equation 2) in the 
solution to form iodochloride (TCI), in the manner expressed by the 
equation 

103X1+41 IGHCl-SICI+aHjO . . (4), 

it will be easily seen that a complicated system of equilibrium will 
result, the chief components of which are represented by the equation 
(2). Thus, we can assume in the Hilbl iodine solution the presence 
of the following substances ; — 

HgCl.. Uglj. I, ICl, HCl, lOH, and IO3H. 

On standardising the iodine solution, potassium iodide solution 
and water are added (see p. 397). The changes then taking place are 
expressed by the following equations : — 

ICl+KI-KClI-fj .... (5). 

HCI+IOH+KI^KCl+H^O+lj . . (G), 

IO3H I-5HCI+6KI--6KCI+3H3O+3I2 . . (7). 

It will thus be seen that, provided no other reaction has taken place, 
the total amount of iodine originally employed (when preparing the 
iodine solution) must be found in the blank test as iodine, and further, 
that the final solution cannot contain free acid, provided the alcohol 
used was neutral. 

Experiments, however, show (see p. 396) that the Eilhl iodine solution 
loses free iodine rapidly at first, afterwards more slowly, that the 
solution turns acid, that the amount of acid formed corresponds exactly 
to the amount of iodine which has become inactive (has “disappeared”), 
except in the case of very old solutions, which are found to contain 
acetic acid. The explanation of these phenomena is given by Wijs 
(in contradistinction to his earlier views, which presupposed an inter- 
action between iodine and alcohol, with formation of hydriodic acid) 
as follows : — A portion of the hypoiodous acid oxidises the alcohol to 
aldehyde, as shown in the equation 

2IOH I CaHe0 -l3+2Ha0+(^3H40 . . . (8). 

The equilibrium of the solution thus having been disturbed, fresh 
hypoiodous acid must be formed, but owing to the increased amount 
of hydrochloric acid now present, not quite the full quantity of hypo- 
iodous acid can be formed, notwithstanding the fact that the free 
iodine, which is liberated according to the last equation, interacts with 
HgCl 2 (present in excess) to form fresh ICI, and consequently fresh 
hypoiodous and hydrochloric acids. 
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Ttie oxidation of the alcoliol, the muse of the loss in strength of the 
iodine solution, therefore proceeds much more slowly after a certain 
time, or, in other words, the older the solution the more stable it be- 
comes. Tlie acidity of the solution is, of course, ex})lained by the 
presence of an excess of hydrochloric acid which does not find sufiicient 
hypoiodous acid to be neutralised according to equation (6). The 
presence of aldehyde has been proved experimentally,^ and since 
aldehyde is readily oxidised, by the oxygen of the air, to acetic- acid, 
the excess of free acid in very old solutions is now easily explained by 
the slow oxidation of the aldehyde. 

From tlie foregoing notes it would follow that by limiting the 
amount of hypoiodous acid that can possibly be formed, e.g. by exi lud- 
ing water, the Hiibl solution must become more stable. This logical 
postulate is confirmed by e.xperiment, if the iodine solution is prepared 
with absolute alcohol or ethyl acetate. 

Again, if the decomposition of iodochloride, as explained in C([uatiou 
(2), be limited, by disturbing the e<(uilibrium through increasing the 
amount of hydrochloric acid at the out.set, the .same object must be 
reached. In fact, this is the theoretical explanation for the greater 
stability of the Waller solution (see above) : for sulphuric acid does 
not produce the same etlect,- and the colour of the Jliild solution is 
rendered much lighter by the addition of hydrochloric acid. This 
shows that the reaction re[)rescnted by equation (2) has been much 
retarded. 

assumed that the active substance in the IJubl iodine solution 
is hypoiodous acid and not iodine monochloridc. In sup])ort of his 
view, he quotes the following three arguments. (1) If iodine mono- 
chloride were the active substance, the halogen should be absorbed 
more rapidly from Waller's solution than from Iltibrs, .since iodochloride 
is present in greater concentration in the former solution than in the 
latter. Hut the reverse actually holds good, and this may be explained 
by the gradual or retarded formation of hypoiodous acid. (2) When a 
solution of hypoiodous acid (prepared by shaking an alcoholic iodine 
solution with freshly precipitated mercuric oxide and filtering off) is 
mixed with an oil, values identical with the Ililbl iodine numbers are 
obtained, the absorption being complete after ten seconds (one exyieri- 
ment only is giv'en). (3) On increasing the concentration of hy])oiodous 
acid through addition of iodine, mercuric chloride, and water (which 
favour the formation of hypoiodous acid), more rajiid absorption takes 
place, whereas it is retarded by tho.se agents which reduce the hypo- 
iodous acid concentration, e.g. mercuric chloride and hydrochloric acid. 

If Wijs' assumption were correct, there should be formed for each 
molecule of hypoiodous acid which is absorbed by an oil, one molecule 
of hydrochloric acid. Although some acid is found, by no means the 
full quantity is obtained; therefore Wijs is driven to the further, 

' On shaking an alcoholic solution of iodine with mercuric oxide, aldehyde i.s formed. 
Cp. also Bougault, <!<>mpt. rend., 1904 (139), 864. 

® Skrabal and Bnclitn {<Jhnn. Zeit., 1909, 11 Of)) show that hyi)oiodous acid i.s very 
unstable in a solution of .sulphuric acid, w-herea-s it is com]taratively stable in dilute 
aqueous solution. 
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somewhat forced assumption that, taking oleic acid as an example, 
the reaction proceeds as follows : — 

CisHsiO., + HIO- . OH, 

CiaUg^OJ . OH + HOl-^CigH^^OJCl + H/J. 

It is evident that the final product is the same as woidd be obtained 
by assuming that iodochloride is the active substance, and tliat iodo- 
chloride is absorbed as such. In fact, Wijs' proposal to substitute 
for lliihVs solution a solution of iodine monochloride in acetic acid 
(inasmuch as the preparation and the keeping of a solution of hypo- 
iodous acid would offer almost insuperable difficulties), amounts 
practically to a tacit acceptance of the view that iodochloride is the 
active agent. 

Ingle} in an inquiry into the origin and nature of the free acid 
which is formed in Huhl's reaction, sliowed that the free acid is neither 
due to substitution (which had been proved before) nor to the splitting 
off of hydrochloric ai'id from the chloro-iodo-addition product, but 
that the formation of the free acid is caused by the action of water on 
the cliloro-iodo-compound, and that the amount of acid thus formed 
depends upon the chemical structure of the unsaturated compound, 
and also on the amount of water present. 

The foregoing . xplanations show that Huhl has hit off in a happy 
and very ingenious manner Ihe conditions most favourable for obtaining 
values which are in close agreement with theory. It is therefore 
possible, if a sanqile contains the glyceride of one unsaturated fatty 
acid of known composition in admixture with glycerides of saturated 
fatty acids, to calculate the absolute amount of the glyceride of that 
unsaturated fatty acid. In cases of this kind the following table may 
be found useful. It will also guide the analyst as to the direction which 
further investigation must take in the case of samples of unknown 
composition, when, of course, the proportion of glycerides of unsaturated 
fatty acids cannot be calculated from the iodine value alone. 

1 Jmtm. So>-. Chew. I ml, 1902, 587 ; 1904, 422 ; 1908, 314. 
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CHAl*. 


Iodine Values of Unsaturated Fatty Acids ami of their Mono-, JJi-, ami 
Tri-glyccrides ( Lewkowitsch) 




Iodine Vnlnei 

Iodine Value of 



Acid. 

.Moiio>?lyccride. 

Diglycoriiio. 

Triglyceride. 

Tiglic . . . 

C,IIs 02 

2.54*00 

145*98 

198*43 

2*2.5*44 


G ] '2112202 

128*28 

93*38 

112*39 

1*20-57 


Ci4llag02 

112*39 

84*67 

100*00 

106 *'42 

Hypogreic 





Physetoleio J- . 
Lycopodic J 

C,«H 3 oO... 

100*00 

77*44 

90 *07 

95*25 

Hydiiocarpic . 

Oleic ] 

OjellasG-i 

100*79 

77*91 

90-71 

95-97 

Elaidic, 

Isooleic >- . 

Rapic 1 

^^8^3402 

90*07 

71*35 

81-93 

86-20 

Pctroselinic j 






Doeglic 

Jecoleicj 


8.5*81 

68*65 

78-39 

82-29 

Gadoleic . 

Erucic 1 


81*93 

66*14 

75*15 

78-72 

Brassidic > 

Isoerucic j 

Linolic 'i 

C 22 H 42 O 2 

75*15 

61*65 

69*40 

72-43 

Millet oil 1 

Tolfairic j 

C 1 RH 32 O 2 

181*42 

143*50 

164-93 

173*58 

Elteoniargaric j 
Cliaulmoogric . 

OjgHyjOa 

90*71 

71*75 

82-47 

86-79 

Linolenic 1 





Isolinolenic ( 1 ) • 

C 18 D 30 O 2 

274*10 

216*47 

249-02 

26*2*15 

.Tecoric J 

Isanic 

CJ 4 H 20 O 2 

401 *82 

345*57 

409*67 

436*67 

Therapic (!) . . , 

0i7lla602 

3.87*78 

30*2*38 

3.50*34 

369*90 

Clupaiiodoiiic . 
Ricinoleic 'k 


368*11 

290*29 

334*21 

351*96 

Isoricinoleic 
Ricinelaidic j ‘ 
Ricinic j 

^ 18^3403 

85*23 

68*28 

77*91 

81*76 

3 fixed Triglycerides — 






Jlyristopalrnitoolein 





31 *59 

Oleodipalinitin 





30-53 

Oleopalniitostearin . 


1 



29*53 

Oleodistearin . 





28-60 

Elaidodistearin 





28-60 

Dioleostearin . 





58*00 


In the case of stearolic and behenolio acids and their glycerides, 
only one molecule of iodochloride is absorbed, as will be seen from the 
following table giving the experimental results found by Qmnsell.^ 

' 'J'he atoiHic weight of iodine inw i)ecn taken ah 127. 

“ tkrichtc, 1909, 2445. 
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Iodine 
Valiio of 
Fatty 
Acids. 

Monoglycerido. 

IfKiinc Value of 

J)if<lyc(ri<]<‘. 

Triglyceride. 

Stcarolic . 


1 ! 

I {)l-2 i 

71-40 

82-:U 

80-3,7 

Ih'honolic . 


74-4 

Gl-Ii 

08-02 

1 

7.3-2 i 

1 


Modificalion of IliihVs Process 

iodine solution is prepared by dissolvin^j; separately 7'9 grms. 
(the (H)rreot fignire is 7-‘)617) of iodine trichloridod and 8-7'gi-nis. (the 
correct figure is 8‘()670) of iodine in glacial acetic acid on the water- 
bath, taking care that the solutions do not absorb inoistiiro. The 
two solutions are then poured into a 1000 c.c. flask, and the flask 
is filled up to the mark with glacial acetic acid. A cheaper way of 
preparing the solution (which commends itself in a laboratory where 
a large number of iodine tests are mad(i) is <0 dissolve 13 grins, of 
iodine in a litre of glacial acetic acid, then to determine accurately 
its content of iodine, and to pa.ss washed and dried chlorine gas through 
the solution, until the titration number of the original iodine solution 
is doubhul. A little experience will readily show when this ])oint is 
reached, as a very distinct (‘hange of colour takes place when all the 
iodine has been converted into iodine monochloride. The glacial 
acetic acid must be pure, and should be te.sted by heating with potassium 
bichromate and concentrated sulphuric acid ; even after ])rolonged 
standing a green tinge should not be noticeable.^ 

As commercial chloroform freipiently contains some alcohol, carbon 
tetrachloride should be used to dissolve the sample. The carbon 
tetrachloride must also be tested, with potas.sium bichromate and 
concentrated sulphuric acid, for the presence of any oxidisable substance. 
The solvents should be examined, as directed on p. 390. 

In all other respects, including the exce.ss of iodochloride, the 
test is carried out in exactly the same manner as Jlubrs iodine test, 
with this important diflerence, however, that it is not necessary to 
allow the solution to stand as long a time as is rcijuired in the case 
of lluhl's test. In fact, in the case of oils and fats having an iodine 
value below 100, half an hour is quite sufficient for the completion of 
the reaction. Semi-drying oils require about one hour, drying oils 
and marine animal oils two to six hours according to the unsaturation 
of the glycerides. 

solution po.ssesses the further great advantage over HithVs 
solution in that it keeps its “ strength ” unchanged for a considerable 

' Iodine t.ricliloride is consideHMl liy some cliemists not to be the simple inoleenlar 
compound ICI., but to be better represented by the ronmiln KJl . Cl.,. (Cp. Skriibal and 
Jtuchta, (hem. Zeit., I'.HiO, lia4.) 

.Some commercial prepar.ations of glacial acetic, acid contain formic acid. 
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length of time. In fact, I can testify from my own experience that 
solutions kept for five months did not appreciably change their 
“ strength.” Hence, in ordinary work a blank test is not required in 
each case, and the determination of the iodine value can be carried out 
almost as rapidly as the determination of the saponification value. 

Ilhjs ^ showed that with his solution, pure fatty acids yield numbers 
agreeing completely with theory, as is shown by the following table : — 



Experiment. 

Theory. 

Enicic acid .... 

7 4 -9 

75-15 

Brassidio acid 

75-0 

75-15 

Elatdic acid . 

90-0 

90-07 

Undticylcnic acid . 

133-1 i 

139 

Oleic acid, coniincrcial . 

87-6 

90-07 


Furthermore, the author - has shown tliat the iodine iiumbers of 
natural oils and fats (and of their fatty acids) as obtained with Wijs' 
solution, agree perfectly with tho.se derived by Hiihl's method, provided 
the latter be carried out with all the precautions detailed above. 

Tlu! author can therefore thoroughly recommend ir(/v' proce.ss. 
It will l)e found preferable to the Huhl iodine solution in almost every 
case, as it is infinitely superior to the latter as regards stability. It 
can be prepared rapidly, and the time spent on the tost is very much 
shortened. 

A drawback inherent to ir(/.v' .solution is that it is acid ; hence in 
those not verv fre(juent ca.ses in which it is desirable to avoid the 
presence of acetic acid, the lluhl method will still be, us(‘d. 44ie Huhl 
method would also be preferred if it be desired to detc-iiniim the sub- 
stitution value (if any) as well as the addition value. It should further 
be noted that in some ca.ses, as in the ca.se of rosin oils and chole.sterol, 
the Ilbj’s .solution give.s very much higher values and, moreover, more 
caquicious results than the Hiihl method. A minor drawback is that 
the .solution crystalli.ses at 15'" 0. ; it is therefore advisable to keep the 
solution in a moderately warm place or to thaw it carefully, if it has 
solidified. 

In addition to the original papers (piofed already, the reader may 
be referred to those mentioned in the footnote.^ Uanus,^ following 

‘ ('hem. Iter If e, 1899, 1. 

* Dovkowitscli, Artnh/s/, 1899, 259. 

A. H. Gill and VV. O. Adam.s, Jmirn. Amcr. Chem. Sue., 1900, 12. I.ewkowit.scli, 
Aniih/.sf, 1900, 33 ; Jahrhvch tier Chemie, 1898, viii. 395 ; 1902. xii. 300. Wijs, Analyst, 
1900, 33 ; Zeils. /. Unters. tl. Nahrys- v. ((enti.s.sm., 1902, 497. A. Miinsluill, Jonrn. 
Sor. '('hrm. ItiiL, 1900, 213. F. W. Hunt, Jonrn. Soe. ('hem. ImL, 1902, 454. 
T. F. Harvoy, J'mrn. Soc. Chem. JniL, 1902, 1437 ; 1904, 414. Fonrstcr, /, 
anyeir, ('hem., 1902, 1207. 'I’olinau and Miin.<<on, Jonrn. Amer. (Jhr.m. Soc., 1903, 244 ; 
1904, 826. L. Teychein'-, Jorirn. 1‘harvi. ('him., 1903 (6), 371. Ma.scarelli and Bla.si, 
(Jazz, ehirn. ifal., 1907 (37), i. 113. A. Ixty.s, Itnll. Sor. (Jhim., 1907, 1, 633. 
I). A. Hartlptt and Hlierinaii, School of Minejt (Quarterly, 1909 (31), 55. 

■* Zeitjt. f. Untem. d. Nohrys- n. (Jenussm., 1901, 913. Cp. also, (■ A. Jnngclans.sen, 
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a suggestion made by Bellier,^ recommends the substitution of iodine 
chloride by iodine bromide. Even if the same results be obtained as 
by IFvj.v’ method (which is contested by Marshall,^ Harceij,^ Archhutt,^ 
Wesson and Lane, and especially in the case of tung oil by Boughlon 
and by Kreikenhauin ■*), it appears to be a superfluous addition to a 
well-tried process. The author would therefore deprecate the use of 
11 anus' method, as the publication of numbers obtained by this process 
only serves to encumber unnecessarily the already too bulky literature 
on this subject. 

It has been I’epeatedly stated that the subdivisions adopted in 
this work for the large classes of vegetal)le and animal oils, fats, and 
waxes arc based on the magnitude of the iodine values. The following 
table enumerates most known oils, fats, and waxes, (For h^ss im- 
portant oils, fats, and waxes Vol. 11. of this work should be consulted.) 
The subdivisions are ari-anged according to the magnitude of the 
iodine values, subject, however, to the grouping together of the members 
of some naturally relah'd oils and fats, such as the oils belonging to the 
j'a])e oil group, the oils obtaiiual from the fiaiits of the plants belonging 
to the Rosacea', M>iris(icarca\ and others. 

The uumhei’s given are mean values, collated from Ihe best observa- 
tions. The individual observations are given under the heading of 
each oil, fat, or wa.\ in Vol. II. (Chapter XIV. In some cases I have 
thought it preferable to give the most reliable values instead of the 
mean values. 

It will b(^ seen that the oils, fats, and waxes arrange themselves 
in a natural order, beginning with oils, fats, and waxes of the highest 
iodine valmy and ])assii)g, through slight gradations, to oils, fats, and 
waxes having the lowest iodine absorption. 


Cfiem. Ccii/r., 1001, ii. 1324; L. M. Toliiian ami L. S. Muiisoti, Jonru. Amn\ C/iem. 

1003 (‘Ja), 244 ; L. K. licvi anti l‘l. V. MaiimO, Journ. Amcr. Leather Chem. 
Assne., lOOS, 380. 

^ Annul, chilli, anulyt. ii/i/il., 1000 (ii), 128. 

■■i Marshall, Jnnrn. Sac. (%nn. ImL, lOOO, 213. T. F. liarvey, Journ. Sac. 
Chcin. hul, 1002, 1 437 ; 1001. 114. 

^ Jaiirn. Sac. Cliciii. ImL, 1004, 300. 

^ Journ. Ind. uni Eiuj. Chem., 1010, 20.^ 
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CHAl’. 


Iodine Values of OilSy Fats, and Waxes 


Oil. 

Class. 

Group. 

Iodine value. 

Perilla . 



Drying oils 


19 ( 5 - 206*1 

Linseed . 




173-201 

N’Gart . 





177 * 3-204 






170 * 6 \ 

152 * 9 / 

L.allemantia . 





162*1 

Candle nut 





163*7 

Stillingia 





160*6 

AV hite acacia . 





161*0 

Cedar nut 





169*2 

Garden rocket . 





155 *r 

Hemp seed 





148 

Buckthorn 





155 

Burdock . 





153*6 

Gy nocard ia 





152*1 

Walnut, Nut . 





145 

Arbutus uncdo 





147*8 

Linaria . 





140*0 

Munketti 





135-147 

Safflower 





129 * 8 - 149*9 

Kay a 





133 * 4-138 

Inukaya . 





130*3 

Echinops 





138 * 1 - 141*2 

Soya bean 





137-143 

Poppy seed 





133-143 

Asparaj^u.s seeii 





138 

Amoora . 





134*9 

Manihot 





137*0 

Melia azedarach 





135*6 

Croton Elliotianus 





138*5 

Henbane 





138 ; 131 

Millet sct d 





130*4 

Ni^er seed 





126 * 6 - 133*8 

Sunflower 





119-135 

Yellow ar acia . 





128*9 

Para rubber tree seed 




128*3 

Service berry . 





128*5 

Celosia . 





126*3 

Argemone 





121*2 

F’ir seed . 





119*5 

Pine nut 





101 *3 

Madia . 





118*5 

Strawbei ry seed 





180*3 

Raspberry seed 





174*8 

Hawthorn sceil 





1 . 52*8 

Currant seed . 





152*5 

Blackberry seed 





147*8 

Mulberry seofj 





141*5 

Indian laurel . 





118*6 

Tobacco seed . 





118*6 

Cameline 



Semi-drying oils 

Cotton seed oil 

135-142 

Grape seed 



group 

96 ; 143 

Dapline . 




126*1 

Clover, red 





121*3 

,, wliite. 

Pumpkin seed 





119*7 

123-130 

Water melon . 





118 




VI 


IODINE VALUE 


411 


Iodine Values of Oils, Fats, and Waxes — continued 


Oil. 

Cla.ss. 

Group. 

Iodine Value. 

Melon seed 

Semi-drying oils 

Cotton seed oil 

101-5 

Maize (corn) . 


group 

111-130 

Tomato seed . 



117-8 

Persimmon seed 



116-8 

Wlieat .... 



116-4 

Datura .... 



113 

Beech nut 



104-111 

Kapok .... 

! • 

116 

Cotton seed 



108-110 

Sesamd .... 



103-108 

,, first ex])iesslon 



106-114 

Basswood 



111-0 

Lemon pips 



100-2 

Luffa seed 



108-51 

Myrtle seed . 



107-5 

Ik pan seed 



106-0 

Anis seed 



105-3 

Croton .... 



102-104 

Zachun .... 



105-0 

Curcas, j)urf;ing nut 



98-110 

Brazil nut 



106-2 

Mucuna .... 



103-95 

SorghuTii 



98-9 

Coiimou .... 



80 

Pinot .... 



186 (?) 

Garden cre.ss . 


Rape oil group 

109-139 

lUvison .... 



101-122 

Hedge mustard 



105 

Rape (colza) . 



94-102 

Black mustard 



96-110 

White mustard 



92-97 

Radish seed . 



93-96 

Jamba . 



96-4 

Small fennel . 

Non -drying oils 


116-2 

Quince .... 



113-0 

Cherry kernel . 



110-114 

Cherry laurel . 



108-9 

Aprioot kernel 



96-108 

Plum kernel . 



93-3-100-3 

Peach kernel . 



93-109 

Almond . 



93-97 

Wheat meal 



96-1-112-5 

Sanguinella . 



100-8 

Acorn 



100-7 

Californian nutmeg 



91-7 

Owala 



98-4 

Arachis . 



83-100 

Rice 



91-7-106-5 

Tea seed . 



88 

Tsubaki . 



80-6 

Sasamjua 



82 0 

Njore-Njole . 



93-4 
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Iodine Values of Oils, Fats, and f Faxes — continued 


Oil. 

CIh.ss. 

Group. 

Iodine Value. 

Iiioy kernel . 

Pistachio 

Hazel nut 

Koeme .... 
Elderberry 

Elozy .... 
Stall' tree 

Olive .... 

Olivo kernel . 
Calopliyllum . 

Oleander 
(Joffee berry . 

Birch seed 

Ungnadia 

Ben .... 

Strophanthu.s . 

Senega root 

Lycopodium . 

Tropreolum 

Paradi.se nut . 

Secale .... 
Canari .... 

Non-drying oiks 


8976 

87-3-92-5 

83-90 

88-100 

81-44-110 

85-1 

867 

79-88 

87-4 

92*8 

88 

85-87 

83-6 

82-0 
88-100 
73-02-101 '6 
81*8 

81 

737 

71-64 

71-0-74-6 

65-1 

Castor .... 


Castor oil group 

83-90 

Menhaden 

Japane.se sardine 

Sardine . 

Salmon . 

Herring .... 
Stickleback 

Sturgeon 

Cramp fisli 

Sunfish . 

Marine animal 
oils 

Fi.sh oils 

139-173 

121-187 

161-193 

161- 42 
123-5-142 

162- 0 
125-3 
107-3 
102-7 

Cod liver 
,, ,, mean 

Haddock liver 

Skate liver 

Tunny fish 

Shark liver 

Coal fi.sh liver . 

Ling liver 


Liver oils 

154-5-181-3 

167 

154- 2 
157-3 

155- 9 
114-6 

137-162 

132-6 

Seal 

Whale .... 
Turtle .... 
Dugong .... 
Dolphin body . 

Dolphin jaw < - , 


Blubber oils 

127-193 

121-146-6 

112 

66-6 

99-5-126-9 

32-8 
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Iodine Values of Oils, Fats, and JVaxes — continued 


Oil or Fat. 

Clas.s. 

Group. 

Iodine Viduo. 

Porpoisu body 

Porj)oise jaw . 

Brown tiah 

Marine animal 
oils 

Blubber oils 

88-119 

2‘2-r.O 

111-2 

Chrysalis 

J^gg .... 

Shee[>’.s toot . 

Horses’ foot . 

Neat’s foot 

Terrestrial animal 
oiks 


116-132 

68 -.^>-81 -6 
74-2 
73’8-90 
69'3-76 

Cluiulinoogra . 
Hydnocarinis . 

Lukrabo, 

Vegetable fats 

Cliaulmoogra oil 
group 

90-7-101 

101-9 

82-5-86-4 

91-6 

89-4-94-0 

68-96 

65- 72-1 

69 •4-79 -3 

54-78 

69-6 

68-4 

66- 68-‘> 
66-08 

.53-68 

50-1 

60-25 

56 

Parkia .... 
I’ongam .... 
Laurel .... 
Carapii .... 
Nux vomica . 

Baobab .... 
Margosa .... 
Niam .... 
Kadam seed . 

Inukusu 

Mowrali seed . 

Illipe butter . 

Champaea 

Njave .... 

Laurel oil group 

Aouara .... 
Palm .... 
Ctamboge butter . 

Akee .... 
Maca.s.sar 

Sawarri . . . • 

Mafura tallow 

Phulwarii butter . 


Palm oil group 

75-3 

51-5-57 

53-7-55-5 

49-1 

48- 55 

49- 5 

45-5 

42-1 

Nutmeg butter 

Ucububa 

Oclioco .... 


I Myristica group 

i 

36-58 

9-5 

1-72 

Sliea butter . 

.Surin .... 
iMkauyi .... 
Hambutaii tallow . 
Malabar tallow 

Cacao butler. 

Vegetable tallow . 
Kokum butter 

Borneo tallow 


! Cacao butter group 

54-67 

42-3 

41-9 

39-4 

38-2 

32-41 

19-38-3 

25-34 

30 
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Iodine Values of Oils, Fats, and IVaxes — continued 


Oil or Fat. 

Class. 

Group. 

Iodine Value. 

Muriti 


Vegetable fats 

Cocoa nut oil 

26 -2 

Alocaya . 


group 

24-63 

Cohune . 



13-2 

Areca nut 




12-5 

Maripa . 




9-5-17-4 

Aouara kernel 




10-8 

Faliu nut 




13-17 

Cocoa nut 




8-10 

Cocoa acrocomoidea 




4*8 

Dika 



Dika fat group 

5*2 

Tangkallak 



2-28 

Cay -Cay 




6-7 

Kusu 




4-6 

Japan wax 




1-9-15-1 

Myrtle wax . 




2-9 

Icebear . 


Animal fats 

Drying fats 

147 

Rattlesnake . 


105-6 

Blackcock 



8cmi-drying fats 

121-1 

Lynx . * . 



110-6 

Marmot . 




109-1 

Hare 




102-2 

Rabbit (wild) . 


1 


99-8 

Horse 




71-86 

Wild duck . 




84-6 

Rabbit (tame). 



Non-drying fats 

67-6 

Hor.se marrow. 



79-1 

Goose (domestic) 




59-71 

Goose (wild) . 




99-6 

Chicken . 




66-7 

Polecat . 




62-8 

Human, adult 




57-67 

Domestic duck 




58-5 

Lard 




46-70 

Fat from wild boar . 




76-6-85 

Dog 




58-5 

Wild cat 




57-8 

Domestic cat . 




54-6 

Beef marrow . 




65-4 

Bone 




45-66-8 

Beef tallow 




38-46 

Mutton tallow 




36-46 

Elk 




35-0 

Reindeer 




31'4-35-8 

Roebuck . 




32-1 

Fallow buck . 




26-4 

SUg 




20-6-25-7 

Butter .... 


Milk fat.s 

26-60 
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Iodine V ilues of OilSy FatSy and JFaxes — continued 


Waxes. 

Cla.ss. 

Group. 

lodiiio Value. 

Sperm oil . . . 

Liquid waxes 


81-90 

Arctic sperm oil 



07-89 

Caniaiiba vax. 

Solid waxes 

Vegetable waxes 

13-5 

Flax wax 



9-6 

Wool wax 


Animal waxes 

171-28-9 

Bee.swax .... 



7*9-11 

Kiimp glaml wax . 



15-5-26-5 

Spei’inaecti 



3*8 

Jiisec.twax 



1*4 


The determination of the iodine value furnishes one of the most 
valuable ehaiactcristies in technical fat analysis. If we have to 
identify a natural oil, fat, or wax, the iodine value indicates in an 
unmistakable manner the class to whiidi it may belong. I’he iodine 
value will thus, as a rule, lead in the quickest manner to the identifica- 
tion of a given natural oil. fat, or wax. Furthermore, if a hitherto 
unknown specimen be under examination, the iodine value will at once 
point to the most likely class or group in which the new natural oil or 
fat should be placed in tlie system. 

This characteristic is ail the more valuable as the age of an oil 
does not materially affect the iodine absorption, provided the oil has 
not undergone any important change, such as oxidation. Changes 
due to oxidation are prominently noticeable in the case of drying, 
fish, and liver oils ; less so in the case of semi-drying and blubber oils. 
The influence of exposure to lu]hl and air on the iodine values of some 
oils has been examined by many observers. In the following table the 
data given by Ballaniync ^ are reproduced : — 


Kind of Oil. 

Original Iodine 
Value. 

After Six Months’ Exposure to Sunlight. 

Protected against Access 
of Air. 

Exposed to Air. 

Linseed oil 

173*46 

172*88 

160*17 

Cotton seed oil 

106*84 

106*40 

100*12 

Kaj)e oil . 

10.5*69 

105*27 

102*13 

Arachis oil 

98*67 

97*60 

93*20 

Castor oil 

83*63 

83*27 (after 2 mouths) 

83*27 

Olive oil . 

83*16 

82*64 

78*24 


> Junm. S«c. Chem.lmL, 1891, 31 ; cp. Richter, ZeUn. f. awjm'. CVtewi. , 1907, 1005 ; 
cp. also footnote, p. 397. 
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The influence of “ blowing ” with air on the iodine value of oils and 
fata will be gathered by comparing the jiumbers given under tin; headings 
of the individual oils, fata, and waxes in Vol. II. Chap. XIV., with those 
recorded in the section “ Oxidi.sed Oils " in Vol. III. Chap. XV. It 
need therefore be only stated in gen<;ral terms that a considerable 
diminution of the iodine absorption power is produced by “ blowing ” 
or oxidising. 

The influence of the unsaponifiable matter in the oils and fats on 
the iodine value is, in those cases, where the amount of unsaponifiable 
is very small, negligible ; in those cases, however, where the unsaponi- 
fiable matter has a high iodine value {e.(j. in laurel oil) the iodine value 
of the total fatty acids, freed from unsaponifiable matter, will be appreci- 
ably lower than that of the oil or fat. 

Molinari ^ and his collaborators have shown that glycerides of 
unsaturated fatty acids — as also cholesterol and j)hytosterol absorb 
as many molecules of ozoue as they contain [)airs of doubly linked 
carbon atoms ; hence, the amount of ozone ab.sorbed by unsaturated 
fatty substances should corre.spond exactly to the iodine values. For 
the description and criticism of this method see Chaj)ter VUI. p. 167. 


3. Reichert (Reichert-Meissl, Reichert-Wollny) Value 

The Reichert {or Reichert-Meissl) value indicates the munher of cubic 
centimetres of decinormal potash requisite for (he neutralisation of that 
portion of the soluble volatile fatty acids ichich is obtained from 2-5 (or 5) 
grms. of a fat or wax by the Reichert distillation process. 

From the table containing the safxmification values of pure tri- 
glycerides (j). 383), it will be gathered that the lower the molecular 
weight of a triglyceride, the higher is its sapemification value. Hence, 
oils and fats containing notable proportions (d' glycerides of volatile 
fatty acids are characteriserl by .saponification values exc.ceding 200. 

The occurrence of volatile fatty acids in natural oils and fats was 
first observed by Chevreul, who w'as also the first to separate them 
from other fatty acids by distillation. Yet even at present flnue is no 
convenient method at our dispo.sal to determine (piantitativcly the 
total content of volatile fatty acids in an oil or fat. A nyell and Ilchner ^ 
endeavoured to determine the amount of the volatile acids of butter 
fat by distillation, but as they did not obtain concordant results (as 
widely divergent results as 4-71> and 7*48 per cent were found by them) 
the method was abandoned. Lechartier ^ tried to .separate the volatile 
acids of butter fat from the non-volatile acids by saponifying butter 

^ Molinari and Feiniroli, Itenchle, 1908, 2798. 

* Hatter: Its A7vUif.<ii,s tnitl Adulteration^ ISTt. 

^ Aanales aijniuomiques, ISZfi, 4&0. 
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fat with sodium hydrate, adding tartaric acid, and distilling off the 
volatile acids. The distillate was neutralised with baryta and the 
barium salts weighed. Lechartier ascertained that from 50 grams of 
butter fat, 6 grams of ^barium salts were obtained, whilst tallow yielded 
but one-twentieth of this quantity. The practical application of this 
correct principle met, however, with insuperable difficulties, owing to 
the impossibility of distilling off the total amount of volatile acids 
without decomposing them to some extent. 

Reichert sliowed, however, that by determining a defuilte proyiortion 
of the volatile soluble acids obtained under certain fixed conditions, 
reliable indications could be arrived at in the examination of butter fat. 
Althougli Reichert's ^ process does not yield ab.solutc numbers, still 
it constitutes a valuable method in that it furnishes a measure of the 
total volatile acids present in an oil, fat, or wax. For purposes of 
comparison, notably in the examination of butter fat, the relative 
numbers thus obtained are of gi-eat importance in fat analysis. 

Reichert originally proposed to ascertain the number of c.c. of 
decinorrnal alkali required for the saturation of the soluble volatile 
fatty acids obtained from 2-5 grins, of substaiuse ; at jiresent it is 
customary to take 5 grins, as first suggested b}' Meissl. In order to 
avoid errors, the weight of fat to which the value relates should always 
be stated. In the following ])ages the Reichert (R.) value always 
1 ‘efers to 2-5 grms. of substance and the Reichert-Meissl (R.M.) value, 
or Reichert-Wollny (R.W.) value, to 5 grms.^ As the Reichert vahu' is 
an arbitrary one, it is absolutely essential to adhere strictly to the 
following details - 

Weigh off accurately 5 grms.^ of the melted and ])urified fat in a 
flask of about 200 c.c. capacity, and add about 2 grms. of stick potash 
(conveniently kept in stock in jiieces of about the same length) and 
50 c.c. of 70 per cent alcohol. Saponify by heating on the water-bath 
with frequent shaking, until the alcohol has evaporated off completely. 
Dissolve the remaining soap paste in 100 c.c of water, add 40 c.c. of 
dilute sulphuric acid (1 : 10) and a few small pieces of pumice. Fit 
to the flask a T-piece provided with a bulb, and connect with a Lichirj 
condenser. Distil the liquid carefully so that 110 c.c. pass over within 
about one hoiu’. The distillate is received in a measuring flask, and 
100 c.c. are filtei ed into another measuring flask. Add phenolphthalein 
to the filtered liquid, and fiti-ate with decinorimil caustic potash until 
the acid is exactly neutralised. The number of c.c. used is multiplied 
by 1-1 and thus the Reichert-Meissl value is obtained. This value is 
about equal to the Reichert value multiplied bv 2-2 (cp. Vol. II. Chap. 
XIV. “ Butter Fat ”). 

Thus, if 28 c.c. of decinorrnal caustic alkali are obtained for 5 grms. 
of butter fat, the Reichert-Meissl value of that butter fat is 28. 

The necessity of using alcohol free from acid and aldehyde must be 


' (tmthjt. aiem., 1879, 18, (>8. 

^ It slioiilU lie (Ustiuctly notetl that the Reichert- Mri^d value is not necessarily twice 
the Reichert value. 

■* JJiuffl. Po/i/i. Jonrn., 233, 229. 
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emphasised. The safest plan is to carry out a blank test side by side 
with the sample, and to take the difference between the two determina- 
tions as the actual result. Even the purest alcohol will give a small 
amount of volatile acid in the blank test. Impure alcohol gives rise 
to the formation of acetic acid, and must therefore be rejected altogether. 

It should be distinctly understood that only a portion of the volatile 
fatty acids is recovered by this distillation process. Rickard Meyer 
showed that on distilling in a current of steam a value greater by 25 
per cent is obtained. //. D. Richmond ^ stated, that in the case of 
butters only about 87 per cent of the total volatile acids are found in 
the distillate obtained by the Reickert-W ollny process. The author 
ascertained that 2*5 grams of butter fat distilled in a current of steam 
until 500 c.c. were collected, required 22 c.c. of decinormal potash. 
Jensen ^ stated that in the case of butter fat, the distillate obtained by 
the Reichert- Mcissl pro(;ess contains 85 to 88 per cent of the total 
butyric acid, 85 to 100 per cent of the total caproic, and 24 to 25 per 
cent of the total ca})rylic acid of the fat (cp. Chap. VIII.). Hence the 
necessity of always working under strictly the same conditions becomes 
apparent.^ 

Traces of higher fatty acids ^ pass over together with the volatile 
acids, and are found in the distillate as minute oily drops or solid 
particles. They do not, however, vitiate the result, as they are removed 
by subsequent filtration. (Cp. Chap. VIII. and “ Butter Fat,” Vol. II. 
Chap. XIV.) 

The excellent Reichert process has not escaped the fate of nearly all 
modern methods used in fat analysis, viz. that of receiving at tlic hands 
of numerous analysts a number of supposed improvements, most of 
whi(4i are altogether insignificant or, at best, offer doubtful advantages. 

WoUny ^ raised a number of objections to the foregoing process, 
pointing out the following sources of error : (1) absorption of carbon 
dioxide during saponification, introducing an error up to 10 per cent ; 
(2) formation of esters during the saponification, causing a loss of 
8 per cent ; (3) formation of esters during the distillation with a loss 
of 5 per cent ; (4) coherence of the fatty acids during the distillation, 
which may, in some cases, involve a loss of as much as 30 per cent ; 
(5) the varying form and size of the distillation flask and the time the 
distillation lasts, which may influence the result to the extent of 
5 per cent. These objections have been refuted by v. Raumer and 
Sendtner. However, since Wollny’s process has been adopted by a 
Joint Committee of the Government Laboratory and the Society of 
Public Analysts as the standard method for the determination of the 

1 A)U(J7/.st., 1895 , 218 . 

Zeits.f. U liters, d. Nahrgs- u. (renussm., 1905 , 272 . 

^ Tte Fienoli olticial inethoU (prescribed for the examination of butter fat) aims at 
the determination of the total amount of soluble fatty .acid.s. Cp. Cha)). VIII. 

It lias been stated that traces of sulphur also occur in the distillates i'rom butter 
fat. As sul]ihur is fouml even if phosphoric acid be substituted for sulphuric acid, it 
would appear that sulphur in the distillate must be ascribed to traces of sulphurised 
compounds in butter fat, or at len.st in some butter fats. Cp. A. Briining, Zeits. /, Unters. 
d. Nahrgs- u. Oenussin,, 1908, xv. 667. 

° Journ. hioc. Cliem. Ind., 1887, 831. 
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soluble volatile fatty acids in butter and marj^arine, I describe it in the 
form published by the Committee/ and add some explanations in 
brackets. 

ReAchert-W ollvy Process . — Five grams of liquefied fat are introduced 
into a 300 c.c. flask, of the form shown in Fig. 37 (length of neck 
7 to 8 centimetres, width of neck 2 centimetres). Two c.c. of a caustic 
soda solution, prepared by dissolving 98 per cent sodium hydrate in 
an e(iual weight of water— jirotected fi om the action of atmospheric 
carbonic acid — and 10 c.c. of (about 92 per cent) alcohol are added, 
and the mixture is heated for fifteen minutes under a reflux condenser, 
connected with the flask by a T-picce, in a bath containing boiling 



water. The alcohol is evaporated off by heating the flask on the 
water-bath for about half an hour, or until the soap is dry. One 
hundred c.c. of hot water which have been kept boiling for at least 
ten minutes (to drive out all dissolved carbonic acid, the retention of 
which would vitiate the result) are added, and the flask is heated until 
the soap is dissolved. Forty c.c. of normal sulphm*ic acid and three 
or four fragments of pumice or broken pipe-stems are added, and the 
flask is at once connected with a condenser by means of a glass tube 
7 millimetres wide, and 15 centimetres from the top of the cork to the 
bend. At a distance of 5 centimetres above the cork is a bulb 5 centi- 
metres in diameter. The flask is supported on a circular piece of 
a.sbestos 12 centimetres in diameter, having a hole in the centre, 5 
centimetres in diameter, and is first heated by a very small flame, to 


^ Analyst, 1900 , 309 . 
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fuse the insoluble fatty acids, but the heat must not be so great as to 
cause the li(juid to boil ; when fusion is complete, the heat is increased,^ 
110 c.c. are distilled off into a graduated flask, the distillation lasting 
about MO minutes (from 28 to 32 minutes). The distillate is shaken, 
100 c.c. are filtered into a flask, 0-5 c.c. of phenolphthalein solution 
(1 grm. in 100 c.c. alcohol) is added, and the filtrate titrated with 
decinornial soda or baryta solution. In precisely the same manner 
(with the same reagents), a blank test should be made, and the amount 
of decinornial alkali reciuired to neutralise the distillate ascertained. 
This should not exceed 0-3 c.c. Iffie volume of decinormal solution 
of alkali used, less the figure obtained in the blank expciiment, is 
multi})lied by 1-1. The number so found is the Reiehert-'W olhrij value. 

The wcil-kiiown fact (sec aliove) that in the Reichert distillalion 
process only part of the volatile acids is distilled off has induced some 
analysts to modify it and to attemjit to obtain the total (piantity. 
Thus it has been proposed to repeat the distillation several times with 
fresh quantities of water. But not only does this take up more time 
than can be conveniently allowed for a technical analysis, Init a source 
of error is thereby introduced, inasmuch as with each distillation 
decomposition of the non-volatile acids takes ])lace. (Cp. also Chap. 
VIII.) 

In order to obviate the (supposed, cp. Chap. II.) formation of 
ethylic esters of the volatile fatty acids {Wollny's second objection), 
Leffmann and Beam'^ (cp. Vol. II. Chap. XIV.) proposed to saponify 
with a concentrated solution of caustic soda in glycerin. This process 
is convenient owing to its rapidity (see “ Butter Fat,” Vol. II. Chap. 
XIV.), and has therefore been introduced by Rolen f<ke in the process 
of determining the titration number of the insoluble volatile acids 
(sec below). The method is carried out as follows : 5 grins, of butter 
fat are placed in a 3(X) c.c. flask and heated with 20 c.c. of a solution 
of caustic soda in glycerin (prepared by dissolving 100 grins, of caustic 
soda in an equal weight of water and mixing 20 c.c. of this solution 
with 180 c.c. of pure concentrated glycerin) over a naked flame for 
2 to 3 minutes, until the water has evaporated off and the licpiid has 
become clear (cp. also Vol. II. Chap. XIV. “ Butter Fat ”). 

Wranipelniej/er {Landw. Versuch.sstaL, 1807 (49), 215) states that 
caustic potash does not yield satisfaid.ory results. It is diffiiuilt to 
understand why this should be so ; hence WrampelnienjeRs statement 
reejuires confirmation. Caustic potash, in fact, ought to work better, 
as it would yield more readily soluble soaps.® 

Paal and Ainherger^ state that in the case of cocoa nut oil and 
butter fats containing considerable proportions of cocoa nut oil, the 

' The lieiiting of tlie asbi-.stos plate itself .should ho guarded against, as .serious errors 
ari.se if the a.sbestos .should become overheated. 

Aiiah/st, 1891, ; cp. also Karsch, Chein. ZdL, 1896, 207. 

(Jp. also Siegfidd, CVwwi. ZdL, 1908, 1128. 

Zeits. /. Unlers. d. Nahrgs- u. (Jenussvi., 1909, 10. 
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saponification with alcoholic potash proceeds more rapidly than with 
glycerol soda or glycerol potash. 

The values obtained by Leffniann ami Beam’s method are practically 
identical with tliose obtained by the Reichert-Wollny process, as the 
author can testify from his own experience. 

Instead of saponifying with alcoholic caustic alkali, Kreis proposed, 
in the case of butter fat, to saponify with concentrated sulphuric acid. 
This method cannot be recommended. The details and a criticism 
of the method are given in Vol. II. Chap. XIV. under the heading 
“ Butter Fat.” 

Whilst in the case of butter fat it is admissible to work with 2-5 
grms.,^ as was proposed originally by lieichert, and to multiply the result 
by 2*2, in order to obtain numbers comparable with those found by 
the Iteiched-Meissl or Reicheri-W ollny })rocess, deviations from the 
figures 2-5 grms. and 5 grins, would produce misleading results, as the 
following table, due to Arnold,^ shows : — 


Volatile Fatty Acids in Butter Fat determined hy the 
Re ichert- M e issl Process 


Woisht Df Blitter 

1 gini. 


c.c. Tiornial KOI! 
Soluble Volulili 

2 Hrtiis. 


1205 

3 „ 


17-38 

4 „ . 


22-28 

5 „ 


27-00 

10 „ . 


50-44 


When using 10 grms. of butter fat in the Reichert- Meissl process, 
Baal and Amheryer found in one case a considerably lower Reichert- 
Meissl value than under normal conditions ; in other cases the Reichert- 
Meissl values obtained with 10 grms. approximated to those obtained 
under normal conditions. 

The (Quantity of 5 grms. must, however, be rigorously adhered to in 
the case of cocoa nut oil and palm kernel oil. For whereas in the 
case of butter fat the large proportion of butyric acid in the volatile 
acids renders the result less dependent on the amount of substance 
weighed off, the absence of butyric acid in cocoa nut oil and palm nut 
oil and the presence of large quantities of caproic and caprylic acids 
lead to completely different results when varying (piantitics of substance 
are used. This becomes apparent by a glance at the following table, 
due to Orla Jensen : 


^ Zeits.f. IJnters. d. Nahrgs- v. O'enuswi., 1909, 10. 

‘-i Ibid., 1907, xiv, 162. =* Ibid., 1906, 272. 
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Volatile Fatty Acids in Cocoa Nut Oil determined by the Reichert- 
Meissl Process 


Weight of Cocofi Nnt 
Oil. 

1-0(354, say 1 grm. 

1-8 120 „ 2 grm.s. 

3- 9726 „ 4 „ 

4- 9907 „ 6 „ 

(3-3932 „ 0 „ 

7-8043 „ 8 „ 

11-91(38 „ 12 „ 


o.c. noini. KOH for 
Soluble Volatile Aculs, 

19-2 

13-0 

7-7 

(3-8 

0-0 

4-8 


This point becomes all the more accentuated by comparing the 
results recorded in the preceding table with those ascertained l)y 
Arnold.^ 


Weight of Cocoa Nut 
Oil. 


c.o. ,Vi iionii. KOI I hir 
Soluble Volatile Acids, 


1 grm. 



4- (38 
0-38 
7-04 
7-87 
9-35 
10-45 


In the case of “ Apeiba oil ” the author's experiments show that 
the difference is not so pronounced, as in the case of cocoa nut and 
palm nut oils. Whereas the volatile soluble acids from 3-1 grms. of 
Apeiba oil required 7-57 c.c. jC norm. KOH, 5-3 grins, required 7-75 c.c. 

Since the volatile fatty acids of butter fat arc for the most part 
also soluble in water (see above), several methods were proposed for 
the determination of the soluble acids (see Chap. VllL). 

Most of the naturally o(;curring oils and fats contain but small 
quantities of volatile soluble fatty acids. Therefore, the Reichert 
values of the majority of oils, fats, and waxes are very low. As a rule 
they are below 0-5 ; hence, the Reichert-Meissl values of the majority 
of oils, fats, and waxes are below 1-0. It is evident, tlierefore, that a 
somewhat high Reichert-Meissl value will constitute a distinctive 
characteristic of an oil, fat, or wax, and that very valuable indications 
as to the nature of an oil, fat, or wax are obtained by determining its 
soluble volatile acids by the Reichert-Meissl process. 

In the following table 1 collate those oils, fats, and waxes for which 
the Reichert-Meissl numbers exceeding 1-0 have been recorded. It 
must, however, be borne in mind that many of the oils enumerated in 
the following table would disappear from it, if the specimens had been 

^ Zeils. /. Unlers. d. Nahrga- u. (Jenussm., 1907, xiv. 1(55. 
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examined in the fresh state. Those doubtful oils have been marked 
with an asterisk. 


Reichert (R.) and Reichert-Meissl (R.M.) Vahies 


* Lallemantia oil 

* White aoaeia oil 

* Cedar nut oil 

* Yellow aeaeia oil 

* Strawberry seed oil 

* Clover oil, red ; white 
Sorindeia oil 

* Maize (corn) oil 

* Kapok oil 
Myrtle seed oil 
Croton oil 

* Sorghum oil 
S])indle tnic oil 

* Small ft.'uiiel oil 

* Wheatmeal oil 
Oleander oil 
Senega root oil 
Lycopodium oil 
Apeiba oil 
Malukang oil 
Turtle oil . 

Ougong oil . 

Dolphin oil . 

Dolphin jaw oil 
Porpoise body oil . 
Porpoise jaw oil 
Brown fish oil 

* Chrysalis oil . 

* Laurel oil . 

* Carapa oil 

* Inukusu oil . 
Macassar oil . 

* Nutmeg butter 
Muriti fat 
Moeaya oil . 

Areca nut fat 
Maripa oil 
Palm kernel oil 
Cocoa nut oil 
Tonka butter 
Butter fat 

* Flax wax 


1-65 (R.) 

1- 2 (R.M.) 

2 0 (R.M.) 

2- 7 (R.M.) 
2-1 (R.M.) 

3-.3; 3-5 (R.M.) 
7-92 (R.) ? 
4-2-9 !) (R.) 
3-3 (R.) 

9- 05 (R.M.) 
12-13-f) (R.M.) 

2-1 (R.M.) 
3.'3-31 (R.M.) 
r)-4 (R.M.) 

2- 8-4-90 (R.M.) 

10- 20 (R.M.) 

0- 43 (R.M.) 
7-3 (R.M.) 

1 - 15 (R.M.) 
45-r>o (R.M.) 

4- 0 (R.M.) 

2-.5 (R.) 

5-0 (R.) 

0.7-92 (R.) 
23-J')-40-7 (R.) 
47-77-05-8 (R.) 
42-1 (R.M.) 

3- 38 (R.M.) 

1 - 6-5-4 (R.) 

3- 5 (R.M.) 

2- 05 (R.M.) 

9 (R.M.) 

1-2-1 (R.M.) 

5- 0 (R.M.) 

7-0 (R.M.) 

4- 2 (R.M.) 
4-45 (R.M.) 

5- 0 (R.M.) 

7 (R.M.) 

5-4 (R.M.) 
26-33 (R.M.) 
9-27 (R.M.) ? 


The extraordinarily high numbers of porpoise and d61])hin oils are 
due to the presence of valeric (?) acid. Amongst the solid fats, butter 
fat is notable on account of its high Reichert-Meissl value ; therefore 
this number affords a most valuable means of identifying butter fat 
and distinguishing it readily from other fats. 
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4. Titration Number of Insoluble Volatile Fatty Acids 

The titration v uniher of insoluble fatly acids indicates the n umber of 
c.c. of decinormal potassium hydrate required for the 7ieutralisation of 
that portion of the insoluble 'volatile fatty acid which is obtained from 
fi gnus, offal or wax by the Polenske process. 

Ill the description of the Reichert distillation iirocess it has been 
pointed out that the distillate of 110 c.c. must be filtered in order to 
remove those insoluble volatile fatty acids which have been carried 
over with the steam and have (‘ondensed to liquid or solid acids. These 
are removed when filterinj^ the distillate in order to obtain the 100 c.(.‘. 
which are titrated for the <letermination of the Reichert- Meissl value. 

Salkowski ^ was the first to propose the determination of the insoluble 
volatile fatty acids by dissolving the residue, left on the filter in Reicherds 
distillation process, in alcohol and titrating with decinormal alkali. 
SaJkowski distilled first in the manner directed by Reichert, and then 
droN^e oft’ further quantities of both soluble and insoluble fatty acids 
by filling up the flask several times in succession with 110 c.c. of water. 
The details of two experiments, in each of wliich 5'915 grins, of cocoa 
nut oil WT,re us(id, may be given here. 


1. 1st distillate 
2nd distillate 


11. 1st distillate 
2nd distillate 
llrd flistillate 
4th distillate 
5th distillate 


CM'., of flccinorinal Alkali 
n‘(|iiin'<i Cor SoluMo 
Volatile Aciils in 100 c.c. 


7<)() 

3-20 

10 20 


0- 70 
3-45 
2-55 

1- 80 
1-50 


c.o. ol (Iccinurinal Alk.'ili 
ro(miif(l for lnsoliil)l(‘ ! 
Volulilo Acids in lolid ' 
Distillate of 100 c.c. 


10-00 


18- 05 


10-90 

7-25 

0-35 

ti-00 

5-20 


As this method is too cumbersome, special methods, simulating the 
Reichert process and based on the principle introduced by Salkowski, 
liave been worked out in recent years independently by Muntz and 
Coudon and by Polenske. Since Muntz and Condon's process applies 
especially to the French official method of examining butter fat, and 
has therefore not acquired that general application which Polenske' s 
process has gained, the former process will be described under “ Butter- 
Fat,” Vol. II, Chap. XIV. 

* Zeits. f. analyt. (Jhein., 1887, xxvi. 581. 
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Polenske ^ adapts himself so closely to the Reichert- Meissl process, 
til at both determinations, viz. that of the Reichert-Meissl value and 
of the titration number of the insoluble volatile acids, can be carried 
out consecutively in one operation. 

Polenske sajionifies 5 grins, of filtered fat (butter fat), by the 
Leffmann-Beam process, with 20 grins, of glycerin and 2 c.c. of caustic 
soda solution (prepared from equal 
parts of sodium hydrate and water) 
in a 300 c.c. flask by heating over a 
free flame. The solution is allowed 
to cool below 100“ C., 90 c.c. of 
water are added, and the mass dis- 
solved by warming on the water- 
bath to about 50“ 0. The solution 
must be clear and almost colour- 
less. In case a brown solution be 
obtained, the test must be rejected. 

50 c.c. of dilute sulphuric acid 
(containing 25 c.c. of pure concen- 
trated sulphuric acid in 1(K)0 c.c.) 
and some powdered pumice (not 
aluminium wire) are added to the 
hot soap solution ; the flask is then 
immediately attached to the con- 
denser. Tlie apparatus to be em- 
ployed must correspond in all 
details to the dimensions givmi in 
hig. 38. An asbestos plate must 
be used exactly as described in 
connection with Fig. 37 ; on no 
account must wire gauze be used 
for heating, as very capricious 
results are obtained owing to the 
irregular heating. The heat mu.st be so regulated ^ that within 
nineteen to twenty minutes 110 c.c. are distilled off ; ^ the cooling water 
must be supplied at such a rate chat the distillate does not drop into 
the 110 c.c. flask at a higher temperature than 20°-23“ C. As soon as 
110 c.c. have distilled over, the distillation is interrupted, the flask 
is removed, and is replaced by a 20 c.c. measuring cylinder. 

The distillate, which must not be shaken through, is immersed 
almost completely in water of 15° C. After about five minutes the neck 

’ Arbeit. (IMS drill kalserl. iiesundkeUsamte, 1904, 545. 

- With reg.-ird to a projiosal to nigiilate the temperature of the still-head cp. 
C. Revis and E. R. Bolton, A naij/st, 1911, 334. This, as also the adoption of a modilieil 
Polenske appriratus propo.sed by Goske, Zeits. f. Unters. d. Sahnjs- u. Genussm., 1912 
(xxiv. ), 257, would only lead to confusion. 

* E. R. Bolton, H. I). Richmond, and C. Revis {Amdyst, 1912, 185) state that if the 
sm.allholc in the side of the still-head tube (which is to prevent the colleetion of condensed 
lifpiid in the , still-head) is much more than 1 cm. from the lower surface of the cork— as 
originally designed by Polenske — low values are obtained when the proportion of cocoa 
nut oil in a butter fat is high. 
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of the flask is slightly tapped, so that the oily drops floating on the 
surface may adhere to the walls of the flask. After a further ten 
minutes the consistence of the insoluble acids is noted, with a view to 
ascertaining whether they form a solid (semi-solid) mass or oily drops. 
The contents of the flask are then mixed by turning the corked flask 
four or five times upside down, avoiding, however, violent shaking. 
100 c.c. are filtered oil tlirough a filter of 8 cm. diameter, and titrated 
with decinorrnal caustic potash, as is done in the determination of the 
Reichert- Aleissl value. In order to remove the soluble acids completely, 
the insoluble volatile acids on the filter are washed three times in suc- 
cession with 15 c.c. of water, which have been passed severally through 
the tube of the condenser, the 20 c.c. measuring cylinder, and the 
110 c.c. flask. These wash-waters are thrown away. In order to 
collect the insoluble volatile acids adhering to the tube of the condenser, 
the measuring cylinder, and the 110 c.c. flask, these vessels are rinsed 
three times in succcs.sion with 15 c.c. of neutralised 90 per cent alcohol, 
and the alcoholic washes poured through the filter, each quantity being 
allowed to drain before a fresh wash is poured on the filter. The 
alcohohe filtrate is then titrated with decinorrnal alkali. 

The titration numbers of the insoluble volatile fatty acids of oils 
and fats having saponification value of about 195, do ]iot exceed 0-5 c.c. 
or at most 0-65, provided, of course, the specinien be not excessively 
acid or rancid. 

Most characteristic are the titration numbers of the insoluble 
volatile fatty acids in the case of butter fat, cocoa nut oil, and palm 
kernel oil, as the following numbers show : — 


Oil Of Kat. 

Butter fat 
Cocoa nut oil 
Palm kernel oil 

These numbers are of the greatest importance in the examination 
of adulterated butter fat, and of margarines for the proportion of cocoa 
nut oil, palm kernel oil, and milk fat. For the full discussion the 
reader must be referred to Vol. II. Chap. XIV. “ Butter Fat,” and 
Vol. III. Chap. XV. ” Edible Fats.” 

In order to show that it is absolutely necessary to adhere rigorously 
to the quantity of 5 grms. (especially in the case of cocoa nut and 
palm kernel oils), the following tables, which are extensions of the 
tables given p. 422, may be appended : — 


Titi<ali(iii Number of Insoluble 
Vobitibi K:it.ty Acids. 

,V, normal K(U1. 

2 - 3 -. 3-3 

15-20 

10-12 


[Table 
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Soluble Volatile and Insoluble Volatile Acids of Cocoa Nut Oil 
(0. Jensen) 




t-.i-.. normal KOII roqiiinal fur 


Wtiight of C.'ocoa .N lit Oil. 

Soliiblo VolatiU* 
Acids. 

liisohihlfi Vol.atilf 
Acids. 

Proportion, 11 



I. 

II. 

111. 

l-0()54 say 

1 grm. 

19-2 

34-2 

1-8 

1-8120 „ 

2 grms. 

1.3-0 

23-r> 

1-8 

3-5)720 „ 

4 „ 

7-7 

15-2 

1-07 

4-5)5)()7 „ 

fi ,, 

0-8 

12-7 

1-87 

0-35)32 

0 ,, 

0-0 

12-0 

2-10 

7-8043 „ 

8 „ 

5-5 

10-0 

1-81 

11-0108 „ 

12 „ 

4-8 

0-0 

1-88 


The last columns, added by the author, show that the proportion 
II : I remains practically the same in tlic case ol cocoa nut oil, whereas 
in the case of butter fat the proportion I : II increases with the quantity 
of fat (see Vol. II. “ Butter Fat ”). 


Soluble Volatile and Insoluble Volatile Acids of Cocoa Nut Oil 
{Arnold) 


Weight of Cocoa Nut 

c.c. normal KOII rcqnii’od for 

- 


Oil, 

Soluble Volatile 
Acids. 

I. 

lii.soluble Volatile 
Acids. 

11. 

Proportion, 11:1. 

III. 

1 grni. 

4-08 

8-55 

1 -83 

2 gi'in.s. 

0-38 

11-5)0 

' 1-80 

•3 „ 

7-04 

13-75 

1-5)0 

4 „ 

7-87 

14-85 

1-89 

>» 

0-35 j 

10.55 

1-77 

10 „ 

10-4.0 1 

i 

18-05 ; 

1-78 


In the case of Apeiba oil no such variation depending on the 
quantity employed was observed ; the autlior found that for 3-1 grins, 
of oil 28-82 c.c. and for 5-3 grms 27-08 were required. 

In the case of butter fat also the variation in the titration number 
of the insoluble volatile fatty acids is not so strongly pronounced as in 
the case of cocoa nut and palm kernel oils. This is shown by the 
numbers contained in the following ^table 
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CHAT. 


Soluble Volatile and Insoluble Volatile Acids in Butter Fat {Arnold) 


f.r. tiortiiiil IvOH rpfjiiircd for 


of IJiittor 
Fat tak(‘ii. 


1 grtn. 

2 grms. 

10 ” 


Soluble Volatile 
Aoicls. 


6-55 

1205 

17-38 

22-28 

27-60 

50-11 


Insoluble Volatile 
Aeids. 

II. 


1 - 10 
1-80 
1-00 

2 - 10 
2-25 
2-70 


l’ro])ortioii, 11:1. 
Ill, 


4-67 

6-70 

9-15 

10-61 

12-27 

18-7 


Acetyl Value 

The aceljjl value indicates the number of millujrams of potassium 
hydrate required for the neutralisation of the acetic acid obtained on saponi- 
fying one gram of an acetylated fat or wax. 

The determination of the acetyl value (acetyl niimlier) is based on 
the principle that glycerides containing hydro.xylated fatty acids 
assimilate, on heating with acetic anhydride, one or more acetyl groujis, 
according to wliether the fatty acids contain one or more alcoliolic 
hydroxyl groups. The chemical change consists in the replacing of tlie 
hydrogen atom of tlie alcoholic hydroxyl group or groiqis liy the radicle 
of acetic acid, as explained by the following equations : — 

C3H,[().CjJl32U(UH)|3 |-:i(C2H30b0- . C'.HdO.CiJI^, ()(().(;, ll 30 )J,-| .-}C,H,()., 
Hi(-iiiolpin. Aci-tic AcoLyl riciuolciii. Acetic 

anhy.lri.lc. acid. 

Calls [0 . CigllaiO . (O H ) Jj-f 6(C.,5H30b- CallsfO . H3PJ . (0 . TUlaO \ ]3+ eH^O. 

Hfitivin. Acetic Tetia-ae.etyl sativin. 

anhydride. 

The determination of the acetyl value (first proposed by Benediht, 
see below) is carried out in the form given to it by Lewkowitsch : ^ 
10 gnus., or any other convenient quantity, are boiled with twice 
the amount of acetic anhydride for two hours in a round-bottomed 
flask attached to an inverted condenser. The solution is then trans- 
ferred to a beaker of about 1 litre capacity, mixed with 500 to GOO c.c. 
of boiling water and heated for half an hour, whilst a slow current of 
carbon dioxide is passed into the liquid through a finely-drawn-out 
tube reaching nearly to the bottom of the beaker ; this is done to prevent 
bumping. The mixture is then allowed to separate into two layers, 
the water is syphoned oil, and the oily layer again boiled out in the 
same manner three successive times. The last trace of acetic acid is 

^ Journ. S<)c. Chem. hid., 1897, 503. This inetliod was adopted at the Tnternational 
Congress of Rome. Cp. Atti del VI. (Jongresso inteniaiionale d.i chiiiiica applicata, 
Rome, 1907, vol. vii. 488, 
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thus removed ; this is ascertained by testing with litmus paper. Pro- 
longed wasliing beyond the required limit causes slight dissociation 
of the acetyl product. This would lead to too low an acetyl value. 
The acetylatod product is then filtered through dry filter-paper in a 
drying oven to remove water. 

The whole o])eration may be carried out quantitatively, and in 
that case the fatty matter is washed on the filter with boiling water, 
until the filtrate no longer reddens sensitive litmus paper. It is ad- 
vantageous to weigh the fatty matter left on the filter after drying in 
an oven (cp. dhap. VIII. “ Determination of the Insoluble Fatty Acids 
and Unsaponifiable Matter ”) if it is de.sired to ascertain preliminarily, 
whether in an unknown fat a notable amount of glycerides of hydroxy 
acids are present (cp. below “ Diglycerides and Monoglycerides ”). 

About 5 grnis. of the acetyl ated product are then saponified by 
boiling with alcoholic potash, as is done in the determination of the 
“ Saponification Value.” If the “ distillation process ” be adopted, 
it is not necessary to work with an accurately measured quantity of 
standardised alcoholic potash. In case the “ filtration process ” be 
used, the alcoholic potash must be mea.sured exactly. (It is advisable 
to use in either case a known volume of standard alkali, as one is then 
enabled to determine the saponification value of the acctylated oil or 
fat.) Ne.xt the alcohol is evajiorated off and the soap dissolved in 
water. From this stage onwards the determination is cai-ried out 
either by (a) the distillation process, or (b) the filtration process. 

(a) Dislillalion Process. — Add dilute sulphuric acid (1 : 10), more 
than is re(]uired to saturate the potash used, and distil the liquid in 
a current of steam. 6(X)-7()0 c.c. of water are distilled off. As a rule 
this will be quite sufficient, for the last 100 c.c. will be found to 
re(|iiire no more than OT c.c. of decinormal alkali. Then titrate the 
distillate with decinormal potash, using phenolphthalein as an indicator, 
multiply the number of c.c. by 5-61, and divide by the weight of 
substance takem This gives the acelijl value. 

(h) Filtration Process. — Add to the soa]) solution a (piantity of 
standardised sulphuric acid, e.rAictlij corresponding to the amount of 
alcoholic potash employed, and warm gently, whereupon the fatty 
acids will readily collect on the top as an oily layer. (If the saponi- 
fication value has been doterniified, it is, of course, neces.sary to take 
into account the volume of acid used for titrating back the excess of 
potash.) Filter off the liberated acids, wash with boiling water until 
the washings are no longer aci<l, and titrate the filtrate with decinormal 
alkali. The acetyl value is calculated in the manner shown above (a). 

Both methods give identical results ; ^ the latter requires less time 
and will, therefore, be found more convenient. 

I The distilled water used in determining the “ value ” by either the 
distillation or filtration process must be carefully freed from carbonic 
acid by previous boiling, as otherwise serious errors will follow. Even 

1 Freundlich {Chem. Rev., 1908, 106) states that in the case of Njave butter (.see 
Vol. IT. Chap. XIV.) divergent results were obtained ; the cau.se of this Inis not, liowever, 
been investigated by him. 
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the water used for generating steam in the distillation process should 
be brought into violent ebullition before the steam is passed into the 
distilling flask. In the rase of very hard water this source of error may 
easily creep in. Check experiments with pure acetic acid will readily 
guide the operator. In order to facilitate the separation of the in- 
soluble fatty acids in the filtration process, it will be found useful to 
add a slight excess of mineral acid. Of course this amount, which 
need not exceed 1 c.c. of normal acid, must be measured accurately and 
deducted from the alkali required for determining the dissolved acids. ^ 

Pure triglyceiides containing no hydroxylated acids have no acetyl 
value ; pure glycerides of hydroxylated fatty acids yield acetyl numbers 
which are in complete agreement with theory. In these cases tlie acetyl 
value is a chamcteristic. The following table contains the theoretical 
acetyl numbers of some triglycerides : — 



Acetylated Glyceride. 



Glycoiido 



9a.|ioni- 

Iiisdhilile'- 

•Vcetyl 

Value. 


Formula. 

cular 

ticatiou 

Fatty 



WeigfiL. 

Value. 

AckI.s. 




Jt;:rjn3. 

KOiJ. 

Per cent. 

Mgniis. 

Ktlll, 

Ricinolein . 

C3ii,[o.c,«ir,,o(o.aAO)k 

1058 

318-2 

84-49 

159-1 

Ilydvoxystearin . 

Csllfl0.C,«lI,,0(0.CJl,0)J3 

1064 

316-3 

84-56 

158-1 

Diliydroxystearin. 

CjILlO . C,sU.,,0(0 . C,ll.<,0).,h 

1238 

407-8 

76-67 

27 1 -9 

Trihydro.xy steari n 

c.jipo.(yi;..o(o.c.,if..o):j3 

1412 

476-8 

70-54 

3.57-6 

Sativin 

C.dliO.C„liy(O.C.,ll.,Oi,l3 

1586 

.530-5 

65-81 

4-24 -3 1 

Liuusin 

CsHofO. CiAi-iAO . 

1934 

609-2 

.58-94 

522-1 


In practical analy.sis, if a mixture of a pure glyceride of hydroxylated 
acids of known compo.sition with a pure glyceride which is free from 
hydroxylated acids be given, the deteiinination of the acetyl value 
enables us to calculate the proportion of the hydroxylated glyceride. 

A case of this kind is exemplified by castor oil, whicli consists 
preponderantly of ricinolein. The foregoing table gives 159-1 ® as the 

‘ Noniiaiui {Chevi. Jievue, 1912, 20,5) proposes an abhroviatwl metliod for tin*, deter- 
mination of the “hydroxyl value.” Tlii.s method o.annot l>c recommended. Cp. also 
Twitchell’s “ hydroxyl value,” footnote 3, thia page. Still more open to very serious 
criticism are the notes reganling tlie acetyl value given hy Willstiitter and IMadinaveitia 
[Herichte, 1912, 2828), wlio claim to have obtained small .acetyl v,alue.s with a specimen 
of “ tristcarin.” In the author’s opinion the two rosulLs given by WilLstiittcr and 
Madinaveitia are iliie to experimental errors (for a suggested explanation cp. table p. 
434. 

“ For tlic method of determining the insoluble fatty acids see Chap. VIIJ. 

■* In order to avoid eonfnsion, which seems to have arisen, attention .should again be 
drawn to the definition of the “ acetyl value " as given above, (t!p. also Journ. iSuc. Chem, 
Tnd., 1897, 504, and Atm/i/si, 1899, 321, where it is explained why it is permissible, in 
some cases, namely, when the acetyl value is low, to refer the value to the oil itself, 
although it is tlie acetylated product which is weighed off. 

’I’witchell {Journ. Aimr. CfLcm. Soc., 1907, .566) determines the “hydroxyl value” 
by esterification of the alcoholic hydroxyl group of fatty ae,i<l8 in the presence of 
Twitcheil’s reagent. fli.s "^hyJroxijl value.” refens to the oil itself, and although the 
value is analogous to the “acetyl value,” it is not identical with it as, according to the 
definition given above, the acetyl value refers ‘to the acetylated product. 
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acetyl value of pure ricinolein. Suppose the examination of a com- 
mercial sample of castor oil gave the acetyl value 150-3 ; then the 
percentage of ricinolein in tlie sample will be found from the proportion 
159-1 : 100 ; : 150-3 ; x ; x = 94-4 per cent. 

Free alcohols undergo the same chemical change on heating with 
acetic anhydride, that is, they also assimilate an acetyl group in exchange 
for the hydrogen atom in the alcoholic hydroxyl group. This is 
exemplified by the following equations 

CjJIsaOH + (ChHgOhO -CieH 3 ;, 0 .C,H 30 4 -C 2 H 4 O 3 . 

.(/'ctyl Aciitin Cetyl .Aeftic 

alcuJiol. anliydfifle, acid. 

CaHs (OH )3 -f 3 (C,.H 3O hO - CgHdO . C2H3O h f 3C2H/.V 
Olycerol. Aeetic Triaretin. Acetic 

anliydiidc. acid. 


The following table gives the theoretical acetyl values of a number 
of pure alcohols : — 



A cety lilted Alcohol. 


Alcohol. 

Formiilii 
of Acetate. 

Afoiwular 

Weight. 

Acetyl Vuluo. 

Coty] alcohol .... 

C,,U.^0.CoU,0 

284 

197-5 

Octoiiecyl alcohol 

CjaH^O.C^HaO 

312 

179-8 

Ceryl alcohol .... 

C.,«Ih 30 . C..H 3 O 

424 

132-3 

Melissyl (Myricyl) alcohol 

Ujg 1 1 (ijO . 0.3 II 3 O 

480 

116-9 

Chole.sterol \ i 

Phytosterol / ' ' ‘ ' I 

a 7 H, 30 . 0 ,.H 30 

428 

131-1 

Glycerol 

G, 11303 ( 0 . 21130)3 

218 

772-0 


From the acetyl value the proportion of the pure alcohols can l)e 
calculated, provided their composition be known. Thus the proportion 
of gly(!erol in a commercial glycerin, or of cholesterol in a mixture, can 
be determined by ascertaining the acetyl value (cp. Glycerol, “ Acetin 
Method,” p. 448, and “ Cholesteryl Acetate,” Chapter IX.). 

If the chemical composition of a hydroxylated triglyceride con- 
tained in an oil or fat, or of an alcohol contained in a wax, be unknown, 
then the acetyl value would still be a measure of the proportion of 
hydroxylated triglycerides or of the alcohols respectively. If both 
hydroxylated triglycerides and alcohols be present simultaneously, 
the acetyl value would naturally be a measure of the sum of both, viz. 
hydroxylated triglycerides and alcohols. Even in the latter somewhat 
more complicated case, the acetyl value would still rank as a character- 
istic, just like the saponification value or the Reichert-Meissl value. 

The foregoing remarks apply to pure triglycerides and pure waxes, 
and hold good as long as no other substances capable of assimilating 
acetyl groups be present. It has, however, been pointed out already 
that natural oils and fats contain varying quantities of free fatty acids 
(see below. Acid Value), due to the varying amount of hydrolysis 
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which the natural oils and fats have undergone. These partially- 
hydrolysed natural oils and fats contain small quantities of mono- 
and di-glyccrides which are capable of assimilating acetyl groups by 
exchanging the liydrogen of their alcoholic hydroxyl group or groups 
for an acetyl group or groups, as is exemplified by tlie following two 
equations : — 

C3H5(0Hb(0.(\«ll35O)-j-(C2ll3()b0---C3ir5(0.C2H30)2(0.(\df350) |-H,0. 
Monostieaiin. Di-iicetyl-monosteaiiii. 

r3H3(()H)(0.C,8H350)2 f((W>)20--C3H3(().CoH30)(0.C,HTr330).. I CoHA- 
Disloarin. Acetyl distf ii in. 


This will be readily seen from the following table, stating the acetyl 
values of pure mono- and di -glycerides. In the case of those mono- 
and di-glycerides which contain hydroxylated fatty ticids in the molecule, 
an additional amount of acetic anliydride will be assimilated, thus 
considerably increasing the acetyl value of such glycerides. 


[Table 



Acetyl Values of Pure Mono- and Di-glycerides 
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The extent to which natural oils and tats become hydrolysed in 
cour.se of time varies (see Chap. L). Therefore, the amount of mono- 
glycerides and diglycerides will vary accordingly ; hence the acetyl 
value will likewise vary. 

It follows, then, that in the ca.se of the natural oils, fats, and waxes, 
with the exception of castor oil, the acetyl value will be a variable. 
It may be emphasised again that in the case of castor oil the acetyl 
value is a characteristic, because castor oil is practically a pure tri- 
glycei ide of ricinoleic acid (or of its isomerides). 

The acetyl value of those natural oils and fats which contain volatile 
or soluble fatty acids, as found by the above method, would include a 
certaiji ainoimt of alkali absorbed by the volatile or soluble fatty acids 
described above. Therefore, without the nece.s.sary correction, the 
acetyl values found are too high, viz. by the amount duo to tlie volatile 
acids. T have therefore termed the acetyl values found direct ^ apparent 
acetjjl values.'” The true acetyl value is found by determining the 
amount of pota.sh required to .saturate the volatile acids of the original 
oil or fat in precisely the same manner, and deducting the number thus 
obtained from the apparent acetyl value ^ (cp. Chap. VIII. “ Volatile 
Fatty Acids ”). 


In the following table I give a list of a number of acetyl values 
determined by the above-de.scribed method, after deducting from the 
apparent acetyl values the amounts of potash required by the naturally- 
present volatile acids. The acetyl values contained in the following 
table repre.seut, therefore, the true acetyl values : — 


True Acetyl Values of Oils. 


Fats, and Waxes {Lewkoiviisch) 


Linsc'fd . 





3- 08 

Candle nut 





0-80 

Safflower . 





lli-1 

llapo 





14-7 

Ararhis . 





9-06 

Hazel nut 





3-2 

OVivv, 





10-64 

Elderberry 





1.6-5 

.Tapane.se sardine 





13-0 

Cod liver 





4-8 

Skate liver 





10-6 

Shark liver 





11-9 

Seal 





16-5 

TIorse.s’ foot 





13-0 

Neat’s foot 





22-0 

Pahn 





18 

Sawarri , 





7-0 

Cacao butter 





2-8 


^ Thus recently J, Canio {Bull, des Bcienc. pharviacohy., 1908 (August), 442) found 
tlie apparent acetyl value of a specimen of oleander oil 30, wliereas the true acetyl value 
was almost nil. 
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True Acetyl Values of Oils, 


Fats, and Waxes {Lewkowitsch) — continued 


Palm nut 

1-9-8-4 

Cocoa mit 

0()-12-3 

Japan wax 

. 27-31 -2 

Lard . . . . 

26 

Beef marrow 

4-2 

Hone . . . . 

. 11-3 

Beef tallow 

. 2-7-8-0 

Blitter . . . . 

. i-9-8-(; 

Spi'rm . . . . 

. 4-5-G-4 

Arctic .spiTin 

. 4- 1-6-4 

Carnaiiba wax . 

.55-24 

Wool wax 

23-3 

Beeswax .... 

J.5-24 

8perrnaccti 

2-63 


Tlicse true acetyl values must not he looked upon as “ charactor- 
isti(;s,” but as “ variables,” Avhicb furnish a measure of the amount of 
mono- and di-glycerides in the case of oils and fats, and of free alcohols 
in the case of waxes, 'bhey also inclmle that amount of potash which 
is ri^quired for the saponification of the acetylated cholesterol or phyto- 
sterol (as the case may be). 


The author has further pointed out ^ that the acetyl value may 
furnish a measure of the state of rancidity, if considered in conjunction 
with the acid value (see table, Chap. I. p. 57). 


Tlu! acetyl value was first jiroposed by Benedikf as a “ constant ” 
(see p. 378) in the examination of oils and fats, and the process given 
by Benedikt and Ulzer - for its determination ajiplied to tlie insoluhle 
fatty acids, and not to the fats and oils themselves. In this pi'ocess 
the authors determined first the amount of alkali reipiired to neutralise 
1 grm. of a(;etylated fatty acids--“ acetyl acid value ” — and further, 
in a second experiment, the amount of potash re(|uired both to saturate 
the free acid and to combine with the acetyl group split off on boiling 
with alcoholic potash — “ acetyl saponification value.” The dillerence 
of the two amounts of alcoholic potash was termed by Benedikt the 
“ acetyl value.” 

The neutralisation and the sa|)onification of the acetylated acids 
were, therefore, supposed to take place in two stages according to the 
following equations : — ■ 

1. Cl- [(3,(0 . C2H3O). COUH+KOH-Ci^HaaiO . C2ll.,())CO( )K+ 

Awtyl-riciiiuloic aciiL J’ota-s.siuin salt. 

2. C17H32 ( 0 . ) )COOK + KOH (OH )COO K H C, I laO^K. 

Potassium aci'tyl-ricinoloato. Polassinm riciiioloak'. 


’ Cp. Lewkowitsdi, “ Tho Meaning of the Acetyl Value in Fut Analysis,” Analyst, 
1899, 319. 

Momilsh. f. Chem,, 8, 40 ; ep, Lewkowitseli, 2n(l edition of this work, 1898, p. 163.' 
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The hydroxyl of the carboxyl group of the fatty acids should conse- 
quently not have been affected by the boiling with acetic anhydride 
during acetylation. Fatty acids containing no alcoholic hydroxyl 
group, such as stearic, oleic, etc,, should therefore not yield an acetyl 
value, as the (neutralisation) acid and saponification values in these 
cases should be identical. 

Lewkowitscli} however, has shown that pure capric, lauric, palmitic, 
stearic, cerotic, and oleic acids exhibited very considerable acetyl values 
when treated according to Benedikt and Vlzeis process. This result 
can only be explained % the fact that part of the fatty acids had been 
converted into their anhydrides, the acetic anhydride acting in the 
manner explained by the following equation : — 


aHjO-- 

2C.A..COOH+ ■ 


Palmilic aci<l. 


Acetic 

anliydride. 


^16^31^0 

Paluiitic 

iiiiliydricle. 


^Ot.2C'AO.OH. 

Acetic acid. 


The anhydrides were actually isolated by Lewkowdsch, and tlieir 
great stability in presence of even boiling water was proved.^ 

When these anhydrides were dissolved in cold alcohol and standard 
caustic alkali was added, hydrolysis of the anhydrides took place at 
once to a certain extent, and as the fatty acid so formed combined witli 
a definite amount of potash, an (apparent) acid value of the substance 
was obtained. When, however, the anhydrides were shaken up with 
water, the first drop of potash gave in the presence of phcjiolphthalein 
a pink colouration, which disappeai-ed but slowly. This showed that 
in the alcoholic solution partial hydrolysis of the anhydrides took place, 
hydrolysis ceasing when an equilibrium was established in the solution. 
Under these conditions apparent acetyl values were obtained for capric, 
lauiic, palmitic, etc,, acids. Hence the acetyl numbers so found were, 
in truth, fictitious values. 

Hydroxylated fatty acids arc certainly acetylated (in their alcoholic 
OH group) when boiled with acetic anhydride, but simultaneously the 
acetylated acids arc converted into their anliydrides owing to the large 
excess of acetic anhydride used. During the subsequent boiling with 
water, a portion of the anhydrides may, or may not, become hydrolysed, 
and thus a mixture of free acetylated acids and acetylated anhydrides 
is obtained. 

When this mixture is dissolved in alcohol and titrated with caustic 
potash, after neutralisation of the free acids (if any), partial hydrolysis 
will set in, as explained above in the case of capric acid, etc.-, and an 
“ acid value ” will thus be obtained {Benedikt’ s “ acetyl acid value ”). 
But such “ acid value ” will be lower than the neutralisation value of 
the acetylated fatty acids, as the anhydrides remain unacted upon to 
a certain extent. Consequently the saponification value of the acetyl- 
ated product {Benedikt’ s “ acetyl saponification value ”) will be found 
too high, since the non-hydrolysed anhydrides are subsequently 

^ Proc. Chew. Soc., 1890, 72, 91 ; Joimi. S,>c. Chem. 1ml. , 1890, 660. 

2 Cp. also the action of acetic anhydride on ricinoleic acid (p, 215). 
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saponified on boiling with alcoholic potash. The difference between 
“ acetyl saponification ” and “ acetyl acid ” values, supposed by 
Benedikt to be the acetyl value of the acids, is therefore devoid of any 
quantitative meaning. 

The same conclusion, of course, holds good in the case of a mixture 
of hydroxylated and ordinary fatty acids. 

It is therefore evident that the “ acetyl values ” found by various 
observers working according to Benedikt and Ulzers method must be 
accepted with the greatest reserve. 

Benedikt and Ulzer's method had been worked out with castoi* oil ; 
and the satisfactory result found in this case led to a generalisation 
wliich must be considered inadmissible. Hence, most of the numbers 
contained in the older literatiir<^ and stated to indicate tlie presence of 
hydroxylated fatt}' acids in natural oils and fats (with the exce[)tion 
of castor oil and, perhaps, grape seed oil ^ and (quince oil) must be 
rejected as fictitious values. 

It may be repeated, the acetyl value of a natui’al oil or fat will be 
a eharaeterlstie if triglycerides only are j)resent. Otherwise the a(*etyl 
value will be a variable, indicating, in addition to hydroxylated fatty 
acids, free alcohols (such as cholesterol or phytostei’ol) and also mono- 
glycerides and diglycerides. In the latter event the acetyl value may 
be indicative of rancidity in an oil or fat. In the case of wax( 5 s the 
acetyl value indicates the presence of free alcohols. For the acetyl 
value of “ blown oils ” (oxidised oils), sec Vol. III. Chap. XV., as also 
Chap. VIII. ‘‘ Acetyl Value of Fatty Acids.” 

If a free alcohol is acetylatcd, no complication through formation 
of anhydrides can arise. The saponification value of the acetylated 
product — the acetate of the alcohol — re})resents also the acetyl value 
of the alcohol (the saponification value of the original alcohol being, 
of course, nil). (Cp. table, “ Saponification Values of Waxes,” p. 385.) 


B. VARIABLES 
1. Acid Value 

The acid value indicates the number of milligrams of potassium 
hydrate required to saturate the free fatty acids in one gram of a fat or 
wax; or, in other words, it gives the amount of -potassium hydrate, 
expressed in tenths per cent, necessary to neutralise the free fatty acids in 
a fat or wax. 

The acid value is therefore a measure of the free fatty acids in a fat 
or wax. 

In order to determine the acid value of a fat or wax the sample is 
^ See Vol. IT. Chap. XIV. “Grape Seed Oil.” 
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mixed with alcoliol (purified methylated spirit), or with methyl alcohol 
or amyl alcohol,^ or a mixture of alcohol and ether, ^ and titrated with 
aqueous or alcoholic standard alkali, phenolphthalein being used as 
indicator. 

The standard alkali may be half-, or tenth-normal. If notable 
amounts of free fatty acids are present, it will be found convenient to 
titrate at first with half-normal alkali and to finish with a few drops 
of decinormal solution. Some analysts prefer an alcoholic standard 
solution to an aqueous one, although the accuracy of the analysis is 
not increased thereby, i^rovided care be taken that the resulting soap 
solution contains at least 50 })er cent of alcohol (seep. 135). On the 
contrary, an alcoholic standard solution has the drawback of altering 
its titer somewhat rapidly, and therefore errors are likely to occur 
unless the solution be standardised frequently. Tlie end-point of 
titration is distirudly recognisable ; saponification of the neutral fat 
does not take place immediately by the small excess of alkali necessary 
to produce the pink colouration. On standing, however, for sonu^ time, 
even if access of air (and conse(pient decolouration, due to absorption 
of carbonic acid) be precluded, the pink colour will disappear in some 
cases, owing to the neutral esters ^ undergoing saponification. This 
will be especially the case if the specimen under examination be dis- 
solved in ether-alcohol. It would, obviously, be erroneous to add more 
alkali from time to time when the ]nnk colouration disappears. 

Mineral acid in the sample inust, of course, be first removed by 
washing with water ; all solvents cm})loyed should be free from sub- 
stances giving an acid reaction. Before using the solvent, it will be 
best to neutralise it exactly with decinormal alkali, using ])henol- 
phthalein as an indicator. 

Liquid fats are weighed off or measured oil accurately in a flask, 
neutralised alcohol and a few drops of a 1 per cent solution of phenol- 
phthalein are then added, and the Ihpiid is titrated with constant 
shaking. Convenient quantities are 10 grms. (or 10 c.c.) of oil and 
50 c.c. of alcohol. 

Solid fats must be warmed with the alcohol on the water-bath until 
the fat is liquefied ; they are then titrated in the same manner. Should 
the fat solidify during the operation, the flask must be warmed again 
before the titration can be brought to an end. To guard against partial 
saponification of the neutral fat, excess of alkali must be avoided. If 
it should be deemed preferable to work with clear solutions, the fat 
may be dissolved in a mixture consisting of two parts of ether and one 
part of alcohol, and then titrated with alcoholic standard solution. 

One or two examples will illustrate the method of calculating the 
acid value. 

I. Weighed off 3-2.54 grms. of tallow. Required for neutralising 
the free fatty acids 3-5 c.c, of decinormal caustic potash (or soda) or 


’ Halplien, Ann. chim. anal, apjil., 1901 (6), 133. 

2 The Huggestioii to titrate in alcohol-benzene solution has been severely criticised by 
E. Boedtker {(Jhem. ZeiL, 1911, 548). 

^ Lewkowitsch, Journ. Soc. Chevi. Jnd., 1890, 846. 
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3*5 X 5-61 milligrams KOH. The amount of KOH required for 1 grill, 
of tallow, i.e. its acid value, is therefore 


2. Measured off 25 c.c. of olive oil, spec. grav. 0-917. Required 
for neutralising the free fatty acids 9-4 c.c. of a solution of caustic 
potash, 1 c.c. of which contains 0-0257 grms., or 25-7 milligrams KOll . 
The weight of the oil is 25 x 0-917 ^--22-925 grms., therefore 


The ))roportion of free fatty acids in an oil or fat is fi-e(piently 
e.xpressed in a different manner. 

Tn this country, es])ecially in the case of oils, it is usual to calculate 
tlie free acid as oleic acid, molecular weight 282, and to express the 
amount of free fatty acids in per cent of the fat. Thus in the first 
exaiiq)]e the percentage of free fatty acids would he returned as 




and ill the second example as 


9-4 x_0-02r)7 X 0-282 
(>0501 x 22-025“‘ 


100 5-28 


Since tlie molecular weight of oleic acid, 282, is approximately 
five times 5(3-1 (the molecular weight of KOH), and the acid value 
expresses the amount of KOII in tenths per cent, a I'apid and in most 
cases sufiicieiitly accurate method of converting the acid value into 
per cent of oleic acid is to multiply the former by 0-5. In tlie case of 
cocoa nut and palm kernel oils this factor would, however, not he 
admissible ; the calculation should be based on a mean molecular 
weight of 210 and 220 respectively. 

In other cases (lubricating oils), the free fatty acids are sometimes 
expressed in terms of sulphuric anhydride, SOg, and the result is given 
in per cent of the oil employed. Thus in the fir.st example we should 
find 


3-5 X ()-004 
3-254 


100 -0-43 %, 


and ill the second 


9-4 X 0-0257 X 0-04 
0-0501 X 22-925 


100^0-75 %. 


Kotlstorfer proposed to express the acidity by the number of c.c. of 
normal potash recpiii'ed for 100 grms. of the fat. In this connection 
the number of c.c. is termed “ degree of acidity.” 

In the subjoined table a comparison is made of the different methods 
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of expressing the acidity ; an easy calculation allows of transforming 
one term into any other. 


Acid Viilne, bcinp per 
ceiitofKOH. 

Oleic Acid. 
I’er cent. 

Sulphuric 
Anhydride. 
Per cent. 

Degrees KoUstorfer, 
being e.c. iiornml KOH 
per 100 grins, b’lit. 

1 

0-5027 

0-0713 1 

1-782 

1 -9893 

1 

0 1418 

3-546 

14-0‘2r>0 

7-0500 

1 

25-000 

0A610 

0-2820 

0*0400 



The acid value is not a “ characteristic,” and the but too frequent 
references in the literature on our subject to this value as a “ con- 
stant ” (or “ characteristic ”) are entirely misleading. The acid value 
of natural oils and fats is a variable, entirely depending on the state 
of purity of an oil, its age, the extent to which it has suffered hydrolysis, 
and the amount of oxidation it has undergone. In the case of fresh 
oils and fats (as has been j)()inted out already) the (piantity of free 
fatty acid is so small that it may be considered negligible. Vegetable 
oils seem to contain small (piantities of free fatty acids, whereas animal 
fats in the fresh state are practically devoid of free fatty acids (Chap. I. 
p. 43). It has also been pointed out that if oils and fats are left in 
contact with putrescible or fermentable matter, the amount of free 
fatty acids may rapidly increase, and rise to 70 and even to 100 per cent, 
as in the case of old palm oil (Chap. I. p. 50). The importance of the 
acid value lies, therefore, in the fact that it indicates the qvalily of an 
oil or fat. It shows the extent to which an oil or fat has undergone 
hydrolysis, and if this value be considered in conjunction with, the 
acetyl value, it may indicate not only the amount of lower fatty acids 
that have been formed by destruction, but also the amount of oxidised 
acids formed subsequently, in the wake of hydrolysis. 

In case the nature of the free acid, and conse(juently its molecular 
weight, be known, the absolute quantity of free acid may be calculated, 
as shown above for oleic acid. In such cases the table given below 
may be found useful. 

Since the acid values are variables, no useful purpose would be 
served here by giving a list of those acid values of natural oils and fats 
that have been recorded. The numbers found in practice for such 
specimens as were submitted to examination will be given under the 
headings of the individual oils and fats in Vol. II. Chap. XIV. 

In the case of waxes, the acid values vary in a smaller degree than 
in the case of oils and fats ; a certain proportion of free fatty acids, 
varying within narrow limits, seems to be characteristic of carnaiiba 
wax and beeswax (cp. Chap. I. and Vol. II. Chap. XIV.). 


It is evident that if an oil or fat consists exclusively of neutral 
triglycerides, its acid value will be nil. In that case the saponification 



VI 


ACID VALUE 


441 


value will indicate the amount of caustic potash required to saponify 
the neutral esters, or, in other words, the amount of potash required to 
neutralise the combined fatty acids. But if the oils and fats contain 
free fatty acids, that is, if they exhibit a definite acid value, then tlic 
saponification value will be the sum of the amounts of caustic potash 
requisite to neutralise both the free fatty acids and those fatty acids 
which are combined with glycerol as esters. The difference between 
these two amounts of potash has been termed by Hiibl and Benedict 
“ ester value ” or “ ether value,” and was understood to indicate the 
number of milligrams of potassium hydrate required for the saponifica- 
tion of the neutral esters contained in one gram of an oil or fat. Those 
writers who termed the acid value a “ constant ” were naturally bound 
to consider the ether value also as a “ constant.” As I have shown 
that the af*id value is a variahle, it is obvious that the “ ester value ” 
also must be a variahle. This is exemplified l)y the following table, 
part of which has been given above : — 


Variations of Saponification and “ E.der ” Values 


Stparin. 

Stearic .\cid. 

Saponification 

Acid 

“ Kster " 

Per cent 

P'.r cent 

Value. 

Value. 

Value. 

100 

0 

189-1 

0 

189-1 

75 

25 

191-02 

49-37 

141'65 

50 

50 

198-30 

98-75 

91 -55 


75 

195-41 1 

148-13 

47-28 

0 

100 

197-5 

1 97 -5 

0 


But even with these restrictions, the “ ester value ” can only have 
a meaning in the absence of mono- and di-glycerides. Since, however, 
the presence of free fatty acids points to hydrolysis of neutral tri- 
glycerides having taken place, and since it is this hydrolysis which is 
the cause of the presence of mono- and di-glycerides, the so-called 
“ ester value ” loses its meaning also in this case, inasmuch as that 
part of the caustic potash whicli is required for the saponification of 
the esters refers to a mixture of triglycerides, diglycerides, and 
monoglyceridcs. Hence it follows that all the references in the 
chemical literature to “ ester values ” of oils and fats are more or less 
valueless. 

In the solid waxes — carnauba wax and beeswax — the acid value 
varies, as stated above, within somewhat definite limits ; hence the 
“ ester value ” likewise varies within definite limits, and therefore a 
certain amount of importance has been attached to the “ ester value ” 
in the analysis of beeswax. But since even in these instances the 
“ ester value ” is merely a figure obtained by the difference of two 
numbers (saponification value minus acid value), it is unnecessary to 
introduce a new term. Therefore, even in the case of waxes, reference 
to an “ ester value ” will be omitted. 
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2. Glycerol 

According to the fundamental equation, in which K stands for the 
radicle of any fatty acid — 

CiHJOKL I 3KOII CallgO;, 1 3KOR. 

3 molecules of caustic potash are required for the saponification of 
1 molecule of neutral fat, yielding 1 molecule of glycerol. Therefore, 
for every 168-3 grms. of KOH used, !)2 grms. of glycerol will be obtained; 
consequently 1 grm. of KOH is e((uivalent to 0-54664 grm. of glycerol. 

In the case of pure triglycerides, the proportion of glycerol is a 
“ characteristic ” (cp. following table), and the quantity of glycerol 
yielded by an oil or fat can be calculated from the saponification value 
as shown. In the case of natural oils and fats, a calculation of this 
kind will lead to erroneous results, not only on account of the small 
quantities of “ unsaponihablc matter ” that are always pi'esent, but 
chiefly on account of the free fatty acids and mono- and di-glycerides, 
which occur in natural oils and fats in variable quantities. Therefore 
the percentage number of glycerol must be looked upon as a “ rariahle 
in the case of natural oils and fats. 

This “ variable ” stands to the acid value in the relation that the 
higher the acid value, the smaller is the yield of glycerol, whereas the 
larger the proportion of mono- and di-glycerides the larger is the pro- 
portion of glycerol. 

It may further be pointed out that the higher the saponification 
value of an oil or fat the larger is the amount of glycerol it yields. 
Hence the fats belonging to the cocoa nut oil grouj) yield more glycerol 
than those having a saponification value in the neighbourhood of 105, 
such as tallow and lard. 

In the following table the j)roportion of glycerol yielded by mono- 
and di-glycerides is placed side by side with that yieldcjl by 
triglycerides : — 


[Table 
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Percentages of Ghjcerol ohtained on saponifying Tri-, Di-^ and 
Mono-glycerides 


Glyceride ol Acid. 

Triglyceride. 

Diglycerido. 

Monoglyceride. 

Acetic .... 

42-20 

,52-27 

68-6.5 

Butyric .... 

30-46 

39-66 

56-80 

Viileric .... 

26-74 

35-38 

52-27 

Ciiproic . 

23-96 

31 -94 

48-42 

Ciiprylic .... 

19-58 

26-74 

42-20 

CaiU'ic .... 

16-67 

•23-00 

37-40 

Laurie .... 

14-12 

20-18 

33-58 

Myri,slic .... 

12-74 

17-97 

30-16 

Palmitic .... 

1 1 -42 

16-20 

27-88 

Stearic .... 

10-34 

14-74 

25-70 

Oleic 

10-41 

14-84 

25-85 

Liiiolic .... 

10-48 

14-93 

25-99 

Linolcuic 

10 -.5.5 

15-03 

2ti-14 

Clu|iano(lnuic . 

10-62 

15-13 

26-28 

Kiciiioliuc 

0-87 

14-11 

24-74 

Arachidic 

9-45 

13-52 

25-83 

Erucic .... 

8-74 

12-57 

22 -3;{ 

Cerotic .... 

7 -50 

10-85 

19-58 

l^rdissio .... 

6 -60 

9-79 

17-49 

Hydro.\ysteari(5 

9-81 

14-03 

24 -60 

Dihydr(.),\y.stcaric . 

9-33 

13-37 

23-59 

Triliydroxystearic . 

8 -90 

12-78 

22-66 

Sativic . . . . 1 

8-51 

12-24 

21-80 

Liiiusic .... 

7-81 

1 11-28 

20-26 

Mwd Tnyhjccrides — 




Acetodiformin 

48-4 



Acetodilmtyi'iu 

33-6 



Myristop,alniitooleii) 

11-1 



Olcodipalmitiu 

11-06 



(I)ipaliuitodlciti) 




Stearodipalmitin 

11-03 



(Dipalmitostearin) 




Oli.',opalmito.ste.iriu . 

10-69 



(Stcaropahr.itodlei ii) 




l^aliuitodistearili 

10-67 



(Distearo])ahnitiiO 




Oleodi, stearin . 

10-4 



Elaidodi.stearin 

iO-4 



Diolcostearin . 

10-38 




For the determination of the proportion of glycerol which a fat 
yields on saponification a considerable number of methods have been 
proposed. (It would be incorrect to speak of the proportion of glycerol 
in a fat, since glycerol is only formed on saponification by assimilation 
of water.) 

The older processes, which aimed at the isolation of glycerol, so 
as to weigh it in substance (as was done in ChevreuVs original method), 
are not accurate enough for (piantitative purposes. On the one hand 
they yield results below the truth, owing to volatilisation of small 
amounts of glycerol at 100° C. (p. 244). (This source of error is avoided 
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in David's process,^ in which the concentration of the glycerol solution 
is not carried so far that loss is incurred, hut it introduces another error 
through the necessity of saponifying with barium hydrate ; cp, p. 103.) 
On the other hand the product so obtained is always contaminated with 
foreign substances, and therefore too high results are obtained. 

A. direct method for determining glycerol in oils and fats (as also 
in commercial glycerins), by isolating it in substance, has been worked 
out by Shukoff and Schestakoff.^ It is necessary to operate with a 
solution containing at least 40 per cent of glycerol. If the solution be 
more dilute, a quantity corresponding to about one gram of glycerol 
is carefully evaporated on the water-bath, avoiding of course loss by 
volatilisation, i.e. a concentration of about 50 per cent must not be 
exceeded. Before evaporating, the solution is rendered slightly alkaline 
with potassium carbonate. The concentrated solution is then mixed 
with 20 grams of ignited and powdered anhydrous sodium sulphate 
and extracted in a SosJdel extractor with anhydrous acetone (previously 
well dried over ignited ])otassium carbonate). As acetone attacks 
both cork and india-rubber, all connections must be made with ground- 
glass fittings. The extraction requires a somewhat IcngtJiy time. 
Shukoff and Schesfakoff dii’ccted to extract four hours, but later observers 
maintain that this is not sufficient for the complete extraedion. Thus 
Landsberger^ demands no less than nine hours, whilst the chemists of 
the Schlebusch Factory ^ consider that only five to six hours are required. 
Should some oil float on the top of the acetone solution, it must be 
removed by washing with low boiling petroleum ether. The glycerol 
solution is then carefully dried in an air-bath, at a temperature not 
exceeding 75° to 80° C. until the weight is nearly constant. The 
chemists of the Schlebusch Factory, however, maintain that the tem- 
perature of the drying oven should be 90° to 95° (.-. (for two hours). 
The analyses published by Shukoff and Schestakoff exhibit very good 
agreement with the results obtained by the methods described below, 
whereas the above-named observers found somewhat high results. 
This may be due to the acetone having extracted some foreign sub- 
stances. Whilst tlie time required for a determination may prove 
somewhat long for practical purposes, the method will be found useful 
in all those cases where it i.s desirable to isolate the glycerol. 

- Before Shukoff and Schestakoff’ s method can find general acceptance, 
further examination seems to be desirable.^ Meanwhile, most com- 
mercial determinations of glycerol in oils and fats are carried out by 
indirect methods. 

(1) Deter unnalion of Glycerol by Oxidation Processes 

By oxidation with potassium permanganate in a strongly alkaline 
solution at the ordinary temperature, glycerol is converted quantita- 

‘ Compf. rend., 1882, 94, 1477. " Zeifs.f. augew. Chem., 190.^), 294. 

C/iem. lievue, 1905, 150. Zeils. f. arigem. Vheni., 1905, 1656. 

« Cp. S. Fachini and G. Dcprta, Holt. Chim. Farm., 1910 (49), 287. G. B^dl. 
Soc. Chim. de France, 1912 (11), 618. 
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tively into oxalic acid, carbon dioxide, and water, according to the 
following equation 


CaHgOa + 30a — GaHjO^ -f COa + SHgO. 

This reaction, originally suggested by Wanldyn and Fox} has been 
worked out as a basis for a quantitative method by Benedikt and 
Zsigmondy ^ in the following manner ; — Saponify 2 to 3 grins, of the 
sample of fat with caustic potash and pure methyl alcohol, evaporate 
off the alcohol, dissolve the soap in hot water, and decompose with 
dilute hydrochloric acid. Then warm until the liberated fatty acids 
have separated out as a clear oily layer. In the case of a li(j[uid fat 
some paraflln wax is best added so as to obtain a solid cake after cooling. 
Next filter into a spacious flask, wasli well, and neutralise with caustic 
potash, using methylorange as an indicator. Then add 10 grins, of 
caustic potash in sticks, and run in a 5 per cent solution of potassium 
permanganate, until the liquid no longer appears green, but strongly 
pink or blackish. Instead of a solution, finely powdered potassium 
permanganate crystals may be used. Next heat the liquid to the 
boiling point,’’^ when liydrated manganese dioxide separates, and the 
solution becomes red ; discharge the colour by adding carefully sulphur- 
ous acid solution requii’ed (but not more) for the reduction of the 
excess of tlie permanganate, taking care that the solution still remains 
strongly alkaline. Filter through a plain filter of sufficiently large 
size to hold at least one-lualf of the liquid, and wash the precipitate well 
with boiling water. It may happen that small quantif ies of hydrated 
manganese dioxide pass through the filter with the last wash-waters, 
but this does not at all interfere with the accuracy of the process. 

Acidify the filtrate with acetic acid, whereby sufficient sulphurous 
acid is set free to reduce the manganese dioxide, heat the solution, 
which should have a volume of about 600 to KM.IO c.c., almost to the 
boiling point, and precipitate with 10 c.c. of a 10 to 12 per cent solution 
of calcium (•hloride or calcium acetate. (If more of the precipitant 
be used, considerable quantities of calcium sulphate are thrown down, 
which are apt to vitiate the quantitative determination.) The ])re- 
cipitate contains silicic acid in addition to calcium oxalate ; hence the 
amount of oxalic acid cannot be cahmlated from the weight of the 
calcium carbonate (or calcium oxide) obtained on ignition. The 
amount of oxalic acid must therefore be either determined volumetric- 
ally, or inferred by titrating the ignited residue. In the latter case 
dissolve the ignited precipitate in an accurately measured excess of 
half-normal hydrochloric acid, and titrate with half-normal caustic 
soda, using methylorange as an indicator. Eighty parts of sodium 
hydrate are equivalent to 92 parts of glycerol.^ 

Allen ^ somewhat modified this process by suggesting the following 

^ ]Vcwt>, 53, 15. 

" Jonrii. .S'we. Chan, Ind., 1885, 610. 

It in not advisable to keep the solution at the boiling point lor any length of time. 

Cp. also A. Beythien, Zeits.f. Unters. d. Nahrgs- u. Genussm., 1911 (x.xi.), 673. 

® Commercial Organic Analysis^ ii. 290. 
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modus operandi : — The fat is saponified with aqueous caustic potash 
in a closed flask. The oxidation is effected as described above, except 
that sodium sulphite is used for reducing the excess of permanganate. 
The liquid containing the precipitated hydrated peroxide of manganese 
is then poured into a 500 c.c. flask, made up to 500 c.c. ; 15 c.c. of hot 
water are added above the mark, as an allowance for the volume of 
the precipitate and for the expansion of the hot liquid. The solution 
is next poured through a dry filter, and 400 c.c. of the filtrate, when 
cold, are measured off accurately, acidulated with acetic acid, and 
precipitated with calcium (-hloride. The precipitate is filtered off, 
washed well, and rinsed into a porcelain dish after piercing the filter. 
The neck of the funnel is then plugged, and the filter filled with dilute 
sulphuric acid, which, after standing for a few minutes, is allowed to 
run into the dish. Sufficient sulphuric acid is ne.xt added to bring up 
the total amount of acid to a quantity equal to 10 c.c. of concentrated 
sulphuric acid, when the solution is warmed to 60° C. and titrated with 
potassium permanganate. If decinormal permanganate be used, each 
c.c. corresponds to 0-0045 grm. of oxalic acid {C2H2O4), or to 0-0010 
grrn. of glycerol. 

With regard to this proce.ss the following notes will be found use- 
ful : — Methyl alcohol is lased in the saponification of the fat instead 
of ethyl alcohol, as the latter may, under certait) conditions of con- 
centration, give rise to the formation of oxalic acid. The errors resulting 
from this cause increase with the amount of alcohol retained by the 
soap on evaporation. On the other hand, if complete eliiriination of 
the alcohol be attempted by repeated boiling down of the dissolved 
soap, loss of glycerol may result. 

The liquid treated with permanganate contains be, sides glycerol, 
the soluble fatty acids originally combined with it in tlie fat. By 
working strictly according to the directions given above, neither oxalic 
acid nor any other organic acid, yielding a calcium salt insolu})le in 
acetic acid, will be formed. Therefore, it may bo safely inferied that 
the presence of soluble fatty acids does not interfere with the coi-rcctness 
of the determination. Johnstone,^ it is true, maintained that the 
process is useless in presence of butyric acid, as this acid is nearly all 
converted into oxalic acid, but both Hehner'^ and Mangold''^ have 
shown that in the process as carried out according to the directions of 
Benedikl and Zsigmondy no oxalic acid is formed. An explanation 
of Johnstone’s error may be found in Berlhelot's observation (re-stated 
by Mangold), that butyric acid yields oxalic acid when boiled for a 
considerable time with an excess of potassium permanganate. 

An excess of sulphurous acid must be carefully avoided, since in 
presence of hydrated peroxide of manganese, sulphurous acid oxidises 
the oxalic acid formed. This error is obviated by Allen’s proposal to 
use sodium sulphite instead of sulphurous acid. If the hydrated 
peroxide be removed by filtration, and the solution be acidified with 
acetic acid, no further action on the once-formed oxalic acid takes 

' Journ. JSuc. Cfiem. hid., 1891 , 204 . - Ibid,, 1891 , 201 . 

3 Ibid., 1891 , 803 . 
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place. But since towards the end of the washing operations small 
quantities of the peroxide pass throiigli tlie filter, and are reduced by 
the sulphurous acid set free by the acetic acid, and, moreover, since 
small quantities of calcium sulphite may be admixed with the pre- 
cipitated calcium oxalate, it would be best to avoid altogethei’ the 
use of sulj)]iurous acid or of a sulphite. 

tlierefore, sul)stitutes hydrogen peroxide for the sulphite ; 
he further recommeuds the use of a smaller quantity of potassium 
permanganate. Herhig's nudhod has been examined by Ahuigold,'^ 
and the following modifK-ation of the Boiediki.-Zsigmondy pj’ocess lias 
been recommended by him as yielding reliable results ; -2 to 4 grins, of 
fat arc saponified ; the filtrate from the liberated fatty acids is placed 
in a litre flask, diluted to 300 c.c., and 10 grms. of potassium hydrate 
are added, and as mu(4i of a 5 ])er cent permanganate solution as will 
correspond to one and. a half times the theoretical quantity required 
for the oxidation of the glycerol ((i'87 parts of Mn() 4 K being the amount 
required by theory for one part of (/ 3 H^ 03 ). This operation is conductc'd 
ill the cold and with constant shaking. Allow to stand for half an hour 
at the ordinary temperature, and add sufficient hy<lrogen ])croxide 
(avoiding, however, a targe excess) to decolourise the liquid completely. 
Then make up to 1000 c.c., shake well, and filter 5o0 c.c. through a dry 
filter. Boil the filtrate for half an hour to decompose all hydrogen 
peroxide, allow to cool to 60'"’ 0., acidify with sulphuric acid, and titrate 
with standard permang.inate solution. In a later publication Jlerbig ^ 
points out that cork and india-rubber connections should be avoided, 
as they give rise to the formation of oxalic acid. 

If the glycerol solution contain any other substance yielding oxalic 
acid on oxidation, as is notably the case with oxidised linseed oil and 
oxidised oils in general, the Boiedikt-Zsigniondg ])rocess is, of course, 
useless. In the preparation of glycerol from commercial oils and fats, 
the glycerol solution is always more or less contaminated with iinpui ities 
whicli may, or may not, lead to the formation of oxalic acid. This 
uncertainty robs the permanganate method of its usefulness to a great 
extent. 

Still more uncertain are the methods based on the oxidation of 
glycerol with potassium permanganate in acid solution whereby glycerol 
is oxidised to carbon dioxide and water, according to the following 
cipiation : — 

t'sHsOa fTO-SCOa | 41U). 

If chemically pure glycerol be oxidised, the method will, of course, 
lead to correct results ; but in all other cases the results are so mis- 
leading that I consider it unnecessaiy to describe the methods proposed 
under this hcad.^ 

For, whei'eas in the Benedikt-Zsigmondg method erroneous results 

‘ Inan;i. l)issert., Lcij>zig, 1890. Zeits.f. angcw. (Jhem., 1891, 400. 

CViem. hev., 1903, 9. 

■* See second edition of this work, p. 211. 
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are only obtained in the presence of organic substances which yield 
oxalic acid, oxidation in acid solution leads to far greater errors, since 
any other organic substances present also yields carbonic acid, and 
therefore renders the determination practically useless. 

Identical in principle with the last-named methods are the processes 
based on the oxidation of glycerol by means of potassium bichromate. 
Since tlie employment of potassium bichromate readily admits of the 
application of volumetric methods, oxidation by means of potassium 
bichromate has been recommended by several chemists.^ Other' 
oxidising agents were proposed by Chaiimeil (iodic acid), by Gailhat 
(permanganate in presence of manganese sulphate), and by Henkel 
and Roth ^ (chromic acid). The strictures pointed out above would 
apply to all tliese proposals {Lewkowitsch ^). 

(2) Determination of Glycerol by the Acelin Process 

Tlie glycerol obtained in the saponification of a fat is necessarily 
more or less impure ; hence Lewkowitsch ^ recommejids to prepai'e 
crude glycerin in a manner similar to tliat employed on a large scale, 
and to determine accurately the proportion of glycerol by the Benedikt- 
Canlor ^ acetin process. 

Twenty grams of an oil or fat are saponified in the usual manner, 
with alcoholic potash, and the alcohol is driven off on a water-bath. 
The resulting soap is decomposed with sulphuric acid and the liberated 
fatty acids are filtered off. The filtrate is neutralised with an excess 
of barium carbonate and boiled down on the water-bath until most 
of the water is driven off. The residue is exhausted with a mixture of 
ether and alcohol, the ether-alcohol driven off for the most part by 
gently heating on the water-bath, and the residue left is dried in a 
desiccator and weighed. It is not necessary to dry until constant 
weight is obtained, as the actual glycerol present is determined in the 
crude product by the acetin method. 

This process is based on the quantitative conversion of glycerol 
into triacetin (p. 431), by heating concentrated glycerol with acetic 
anhydride. If the product of this reaction is then dissolved in water, 
and the free acetic acid has been carefully neutralised with alkali, 
the dissolved triacetin can be easily estimated by saponifying with a 
known volume of standard alkali and titrating back the excess. The 
solutions required are — 

1. Half-normal or normal hydrochloric acid {accurately standardised). 

2. Dilute caustic soda, containing about 20 grms. of NaOH in 
1000 c.c. Its exact strength need not be known, but care should be 
taken that it be practically free from carbonate. 

3. A 10 per cent solution of caustic soda. 

^ Richardson andJallc, Journ. Soc. Chem. Ind., 1910, 198. 

^ Zeits.f. (mr/ew. Che.iti., 1906, 1936. 

^ Anali/st, 1903, 107. ' •* Cftan. Zeit, 1889, 6.59. 

® Journ. Hoc. Chem. Jiid.., 1888, 696 ; cp. Lewkowitsch, ibui..^ 1889, 674 ; Qhem, 
Zeil., 1889, 13 ; 93 ; 191 ; 659 ; Hehner, Journ. Soc. Oiem. Ind.^ 1889, 6. 
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Solutions 2 and 3 are best kept in large bottles connected by means 
of syphon tubes with burettes, so that the latter may be filled auto- 
matically. To prevent absorption of carbon dioxide from the air, 
the bottles arc provided with soda-lime tubes through which the air 
enters. 

The estimation is carried out as follows : — 

About 1-5 grms. of crude glycerin, weighed off accurately, are 
heated witli 7-8 c.c. of acetic anhydride and 3 grms. of anhydrous 
sodium acetate (carefully dried in an oven) for 14 hours in a round- 
bottomed flask, of about 100 c.c. capacity, connected with an inverted 
condenser. Tlie mixture is then allowed to cool a little, 50 c.c. of 
recently boiled warm water are poured down through the tube of the 
condenser, and the acetin is made to dissolve by shaking the flask ; 
if necessary, the contents of the flask may be slightly warmed, but 
must not be boiled. As triacetiii is volatile with w'ater vapours, these 
operations should be carried out whilst the flask is still connected witii 
the condenser. The solution is next filtered from a flocculent pre- 
cipitate containing most of the impurities of the crude glycerin, into 
a wide-mouthed flask of about 500-000 c.c. capacity, and washed with 
recently boiled water ; the filtrate is allow'ed lo cool down to the ordinary 
tempei'ature. Phenolphthalein is then added, and the free acetic acid 
neutralised with the dilute caustic soda solution. Whilst running this 
in, the solution must be agitated continually, so that the alkali may not 
be in excess locally longer than is unavoidable. The point of neutrality 
is reached when the slightly yellowish colour of the solution just changes 
into reddish-yellow. If the solution is allowed to become pink, the 
point of neutrality has been exceeded, and a fresh test must be made ; 
the excess of soda cannot be titrated back, as partial saponification 
of the acetin takes place in presence of the slightest excess of alkali. 
The change of colour is very . characteristic, and is easily recognised 
after some little practice. 

25 c.c. of the strong soda solution are now run in and the solution 
is lioiled for a quarter of an hour ; the exce,ss of soda is then titrated 
back with the standard acid. Side by side, operating in the same 
manner, 25 c.c. of the strong caustic soda solution are boiled and 
titrated with acad. The differesm e between the two titrations coitc- 
sponds to the amount of alkali required for the saponification of the 
triacetin formed. From this the quantity of glycerol in the sample 
can be calculated, as shown by the following example : — Suppose 1-324 
grms. of the sample have been treated as described above. Let 25 c.c. 
of the strong soda solution require 60-5 c.c. of normal hydrochloric 
acid, and let the number of c.c. required for titrating back the excess 
of soda be 21-5; then 60-5 -21-5 = 39-0 c.c. have been used. 1 c.c. 
of normal acid corresponds to =0-03067 grin, of glycerol. Hence 
the sample contained 0-03067x39 = 1-1960 grms. or 90-3 per cent of 
glycerol. This is then referred and calculated to the amount of crude 
glycerin obtained on saponifying the original quantity of 20 grms. of 
oil or fat. 
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(3) Determination of Glycerol as Isopropyliodide 

Zeisel and Fan to ^ proposed to determine glycerol by converting it 
into isopropyliodide. The method is based on the reaction expressed 
by the following equation : — 

C3Hb( 0H)3+ 5HI_ CgH,! + 3 H 3 O + 24 


The glycerol is converted (cp. Chap. III.), by means of hydriodic 
acid of specific gravity 1-7 (or even 1-9), in the presence of red phos- 
phorus, into isopropyliodide, which is distilled over and received in an 
alcoholic solution of silver nitrate. The free iodine is retained by the 
red phosphorus. The iodine, distilled over in the form of isopropyl- 
iodide, is precipitated as silver iodide. Each molecule of silver iodide 
(Agl) is calculated to one molecule of glycerol (cp. Chap. III. p. 263). 

The test is carried out in a special apparatus. The author ^ made 
two series of experiments on crude 80 per cent glycerin, but the results 
were found so much below the truth that he felt unable to recommend 
this method. 

Later observers state that, provided the dilution of the glycerol 
solution is very high, satisfactory results are obtained. This is especi- 
ally holding good of the determination of glycerol in fermented liquors, 
and the published results furnishing duplicate analyses are apparently 
very satisfactory. Yet it must be maintained that in these cases there 
is no proper and satisfactory check on the results obtained, as, obviously 
duplicate analyses, however well agreeing amongst themselves, do not 
prove the correctness of the result itself. Fanto ^ endeavoured to 
vindicate the Zeisel and Fanto method by giving a number of glycerol 
determinations in fats by a somewhat modified process. He saponifies 
10 grins, of fat and then dilutes the glycerol solution down to 100 c.c., of 
which 5 c.c. are taken for the determination. Thus only about 0-05 
grms. of glycerol are subjected to the process, and any error is multiplied 
by 20. Hence it would not be correct to accord excessive importance 
to the apparently correct percentage of glycerin obtained by this 
method. More recently R. WilstMter and A. Madinaveitia'^ experi- 
mented with Zeisel and Fanto’s method, working with 20 grms. of fat 
and hydriodic acid of 1’9 specific gravity. In their opinion it is not 
permissible to use a hydriodic acid of Specific gravity 1-7, inasmuch as 
the fats are in that case incompletely hydrolysed and the proportion of 
glycerol therefore found too low. Wilstdtter and Madinaveitia maintain 
that the method gives reliable results when a hydriodic acid of 1-8 specific 
gravity and no more than 0*15 to 0-35 grm. of fat are used. In support 
of this, analyses are given for “ tristearin ” and “ triolein ” (as to the 
purity of which no statement is made). The results as calculated by 
the present writer fluctuate between 95-6 to 98-7 per cent of the theoreti- 

’ Zeits.f, d. landmrt. Vetiturhswesen in Oest., 1902. 

Lewltowitsch, Aimlyst, 1903, 108 ; cp. Buchner aiul Meisenlieimer, BerichtCf 
1906, 3211. Jidheftezii Veroffentl. des Kais, Gesmdheitmmtes, Berlin, 1911, p. 19. 

* Zeits.f. angew. Ohem., 1904, 420. * Berichte, 1912, 2825. 
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cal amount. It is obvious that by multiplying the analytical data by 
such enormous factors as 300 to 600, small unavoidable errors of the 
method become very considerably enhanced. The same authors give 
as further confirmation two analyses of glycerin from sesame oil and 
“ margarine.” These, however, prove nothing, as the composition 
of different specimens of sesame oil varies ; moreover, the amount of 
glycerin found is decidedly too low. Since “ margarine ” fluctuates 
in its composition very widely, this analysis must be ruled out 
altogether, even if the difference between the duplicate analyses did 
not amount in per cent to 6-4. 

The tediousness of the Zeisel-Fanto method and the danger of 
multiplying small errors by large factors must naturally militate 
against its general applicability. Possibly the method may give good 
results in the case of chemically pure glycerin, hut for that purpose 
more expeditious methods are available (see Vol. III. Chap. XV,). 

Buisine ^ recommends the estimation of glycerol by the method 
which lie worked out for the determination of the higher alcohols in 
beeswax (sec Chap. IX. p. 605). It is obvious that this method is 
too cumbersome when compared with those that have stood the test 
of practical experience. 


3. Diglycerides and Monoglycerides 

The occurrence of lower glycerides in a fat has hitherto been proved 
in a direct manner in the solitary case of rape oil by the isolation of 
dierucin (cp. Chap. I. p. 43 ; Chap. II. p. 77). 

It has been shown (cp. Chap. I.) that we may expect the presence 
of di- and mono-glycerides in oils and fats containing small quanfities 
of free fatty acids. The author demonstrated this to be actually the 
case by proving, in an indirect manner, the occurrence of di- and mono- 
glycerides in partially saponified oils and fats (Chap. II. p. 72). 

To detect di- and mono-glyccridcs in an oil or fat, the author boils 
an accurately weighed quantity of the sample with acetic anhydride, 
and washes the resulting product with boiling water until it is freed 
from acid. In the presence of notable quantities of di- and mono- 
glycerides an iiK'rease of weight will be found. This is due to one or 
two acetyl groups, respectively, having been assimilated by one molecule 
of diglyceride or monoglyceride, as is shown by the following 
equations : — 

2. CA<™>»+2(C!,H3O),O . aH,<2iy”“’°>H20,H.O.. 

If the quantitative estimation be carried out with due care, the 
molecular weight of a pure diglyceride or monoglyceride may be cal- 
culated from the increase in weight. Thus, to take an example, if a 
1 (Jmpt. rend., 1903 ( 136 ), 1082 . 
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grms. of a pure diglyceride have been weighed off, and an increase of 
weight, i, has been found, we have the proportion 
a : : MH-42, 

wliere M is the molecular weight of the diglyceride, and consequently 
M + 42 the molecular weight of the triglyceride obtained on assimilating 
the group C2H20(==42). The above proportion is expressed by the 
equation a(M + 42) = M(tt + i) ; hence 

% 

As a rule, however, the diglyceride will only form a small proportion 
of the fat under examination. If the chemical composition of the 
diglyceride be known, the absolute quantity of the diglyceride in the 
sample may be calculated with the help of the equation 
Mi 
"“"42' 

Thus, if h grms. of a fat, containing a diglyceride of the known molecular 
weight M, have been weighed off, and the increase ^ was obtained on 
acetylating, the percentage x of the diglyceride in the sample will be 
found from the proportion 

h : - 100 : x ; 

hence 

m.Mi 
" 42h ■ 

The proportion of diglyceride can also 1)0 found volu metrically, 
if the molecular weight of the diglyceride be known. If M be the 
molecular weight of the diglyceride, K the saponification value of the 
sample under examination, and C the saponification value of the 
acetylated product, then the percentage D of the diglyceride may be 
calculated from the following formula (56-1 being the molecular weight 
of KOH and 42 that of C 2 H 2 O) : 

10^.:-K)M.(Mq_42) 

,W-r(M -84) 

at which I arrive as follows : M grms. of a diglyceride rccpiire 2 x 56-1 
grms. of KOH for saponification; M + 42 grms. of the triglyceride, 
obtained from it on digestion with acetic anhydride, require SxCOT 
grms. KOH. Therefore 1 grm. of the diglyceride requires \ and 

1 grm. of tlic triglyceride 
The difierence 

.3x56-1 2x66-1 66-1 (M- 84) 

M+42 M” ’ M(M+42) 

will, in the case of a pure diglyceride, be practically equal to C-K, 
hence 

100(C-K)M.(M+42) 

66-l(M-84) 

Thus if the proportion of dierucin, (M = 732) 
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in “rape oil stearine ” is required, and K be found = 158*1 for this 
rape oil stearine, and C = 180-2 for the acetylated rape oil stearine, 
we have, since C-K = 21*8, 

100x21-8x732x774 
50- lx (732-84) 

The coriectness of this calculation may be proved as follows : — 

The saponification value of pure dierucin C 3 H 5 (()C 22 ll 4 iO) 2 (OH) 
is 153*3, that of acetylated dierucin C 3 n 5 (OCoTl 30 )(( 5 C 22 ll 4 iO)‘> i*^ 
217*1. The difference 217*1 - 153*3 = 01*1 ; found C-K = 2i*8; 
therefore 

l. 34. 

04-1 

In case tlic amount of free fatty acids in an oil or fat is considerable, 
anhydrides of the fatty acids may be formed on boiling with acetic 
anliydride, wliereby a decrease in weight is incurred ; this decrease 
may, howevisr, be obliterated by a simultaneous in(*roase due to tlie 
presence of small quantities of mono- and di-glycerides. 

Since complete hydrolysis of the anhydrides formed in the acetylat- 
ing process is not obtained readily, it is necessary to remove first the 
fi’ce fatty acids, if their amount be considerable, by converting them 
into their potassium salts by titration with standard potassium hydrate, 
using pheiiolphthalein as an indicator, and extracting the glycerides 
with ether. 

If the free fatty acids contain soluble fatty acids, whilst at the same 
time the amount of total free fatty acids is inconsiderable, then it is 
necessary to wash the sample with hot water until the soluble fatty 
acids have been removed. 

It should be distinctly understood that the above-given calculations 
hold good only in tlie absence of free fatty acids and rnonoglyccrides. 

Since glycerides of hydroxylated fatty acids assimilate an aciityl 
group (or acetyl groups) on being digested with acetic anhydride, it 
is necessary, in tin* ])rcs(mce of such glycnrides, t^) prepare the insoluble 
fatty acids and determine tlnn’r acetyl value (see Chap. VIII.). Thus 
the dilficulty caused by the presence of lower glycerides is removed. 

From the acetyl value of the fatty acids a measure of the hydrox- 
ylated acids is obtained (Chap. VII.), and by introducing the most 
likely molecular weight, their absolute weiglit can bo obtained and 
calculated to glycerides. 

Oils and fats containing notable quantities of mono- and di- 
glycerides furnish higher saponificaition values than their corresponding 
triglycerides, and consequently yield lower proportions of insoluble 
fatty acids (sec Chap. Vlll.). This will be seen by reference to the 
tables giving the respective values for monoglycerides and diglycerides. 

When oils and fats are acetylated, the decrease in the proportion 
of insoluble fatty acids becomes still more pronounced, whilst the 
saponification values rise, as will be seen from the following table, in 
which I collate the corresponding values for the three most important 
mono- and di-glycerides 
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As a rule, however, we cannot derive (for practical purposes) distinct 
indications from the saponification values and the proportions of 
insoluble fatty acids, since in the presence of small quantities of mono- 
and di-glycerides the differences may fall within the errors of the method. 

The same strictures would apply in a more forcible manner to the 
formula given by Freundlich ^ for the calculation of the proportion of 
diglycerides in oils and fats containing hydroxylated acids or their 
glycerides, without having recourse to the acetylating process. The 
use of this formula would lead to unjustified assumptions and con- 
jectures, if, in consequence of unavoidable errors, somewhat low values 
were found ; errors would notably occur in the proportion of insoluble 
fatty acids, owing to the experimental errors attaching to their metliod 
of determination. Hence 1 omit here Freundlich' s formula.- 


4. Unsaponiflable Matter 

The term “ unsaponiflable matter,” like many terms borrowed 
from practice, is somewhat ambiguous. 

I comprise here in the term “ iinsaponifiaMe matter ” all those 
substances that are insoluble in water, or do not combine witii caustic 
alkalis to form soluble soaps. Strictly speaking, glycerol itself, not 
» being saponifiable by alkalis — just like the wax alcohols— is “ un- 
saponifiable,” and in this strict sense only the fatty acids are completely 
saponifiable, but not so the neutral glycerides, containing, as tlicy do, 
about 5 ])cr cent of the glycerol-yielding radicle C 3 TT 2 . However, as 
glycerol is soluble in water it does not fall under our definition of 
“ unsaponifiable matter ” ; therefore, in a wider sense, the neutral 
fats are considered as completely saponifiable. 

Most oils and fats contain in their natural state small quantities of 
unsaponiflable matter which consist to a great extent, in addition to 
other alcohols (and also 10 hydrocarbons), of sitosterol in the case of 
vegetable oils and fats, and of cholesterol in the case of animal oils 
and fats. Besides these two characteiistic bodies some other sub- 
stances occur, the nature of which has not yet been fully ascertained, 
such as small amounts of resinous and colouring matters. Hydrocarbons 
in the unsaponifiable matter of natural oils and fats have been identified 
in the case of chrysalis oil, cacao butter, laurel oil, and kOsani seed fat 
(see Vol. 11. Chap. XIV.). 

Waxes, notwithstanding the fact that they are hydrolysed com- 
pletely on boiling with alcohohe potash, are in practice sometimes 
termed unsaponifiable, on account of their naturally yielding con- 
siderable quantities of “ unsaponifiable ” alcohols which are insoluble 
in water. The commercial waxes may also contain considerable pro- 
portions of free alcohols, as also hydrocarbons (see Vol. II. Chap. 

' CAm. Zeii., 1901, 1129. 

“ Cp. Jahrbuch der Ghemie, 1900, x. 361 ; cp. also Table No. 13, Laboratory 
Com:panion to Fats and Oils Industries, Macmillan and (Jo. 
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XIV.), which constitute “ unsaponifiable matter ” in tlie true sense of 
our definition. 

Here we are only concerned with the isolation and quantitative 
determination of the unsaponifiable matter contained in, or yielded by, 
tlie natural ^ products. The further examination of the isolated un- 
saponifiable matter will be considered at length in Chapter IX. 

Preparatory to the determination of the unsaponifiable matter, 
the oil or fat must be saponified as described under the heading 
“ Saponification Value.” In many cases it will therefore be found 
convenient to combine the determination of the saponification value 
with that of the unsaponifiable matter. But as the amount required 
for the correct determination of the unsaponifiable matter is much 
greater than tliat usually taken for the determination of the saponi- 
fication value, it will depend on the ([uantity of material used in the 
sa})onilication test, whether it is feasible to combine the two determina- 
tions, If two or three separate determinations of the saponification 
value have been made, then the total material will suffice foi’ the correct 
determination of the unsaponifiable matter. It is not safe to employ 
less than 5 grins, of a substance for this test. 

The unsaponifial)le matter is mostly dissolved in the soap solution 
obtained after saponification ; if somewhat larger quantities fhan 
usual are present, the unsaponifiable matter will cause turbidity of 
the soap solution (emulsion), or will even float on the top of it. 

The separation of the unsaponifiable matter from the saponified - 
mass is based on the ready solubility of the unsaponifialile mattei* in 
ether, petroleum ether, and other solvents, in contradistinction to the 
])raciical insolubility of the soap in these solvents, whetluii* the soa]) 
be dissolved in water or dilute alcohol, or previously brought to the 
dry state. Thus, two kinds of processes suggest themselves, namely, 
either (1) to extract the aqueous soap solution with ether oi' other 
solvents, or (2) to treat the dried soap mass with solvents. 


(1) Extraction of the Soap Eolation ivith Solvents 

The extraction of the unsaponifiable matter is effected by re])catedly 
shaking the saponified mass,'^ dissolved in a sufficient amount of water, 
with ether or petroleum ether, and separating the two layers by means 
of a separating funnel. The small quantities of soap that pass into 
the extract are removed by washing the ethereal solution with water. 
H. Schwarz f as also Neumann f Fiske,^ Ileiduschka and Gloth,^ Bacon 

^ “ UnsapoiiifiaUle ” .substances arc not infrequently u.seJ as denaturating agents for 
purposes of Cu.stoni-liou.ses. 

- Jf the nia.ss lias not been .saponified completely, the un, saponified portion passo.s 
into the ether, and is weighed ultimately as so much unsaponifiable matter. Some 
chemists recommend, therefore, to saponify the ether (extract a second time, Thi.s com- 
plication is, however, unnecessaiy, if the .saponification be carried out with due care. 

Journ. Soc. CJwm. Jnd., 1884, 649. 

« Berichte, 1885 (18), 3061. 

^ Amer. Chan. Journ., 1909, 510. (lllu.stratious, see Joimi. Soc. Chan, hid,, 1909, 
817, and Chan. Z(dl., 1910, 1366.) 

® Pharm, Zentralh., 1907, No, 17. 
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and Dunbar ^ designed special extraction a])paratus, but its employment, 
for the purposes of fat analysis cannot be recommended. ^ 

Regarding the choice of the solveiit, it is always safer to use common 
ether than petroleum ether, notwithstanding the fact tliat the former 
extracts m most cases larger quantities of soap than the latter. Thus 
LewkowUsch 2 found in tlie case of shark liver oil and some kinds of 
whale oil that jietroleum ether gave very capricious results, which were 
all far too low, owing, no doubt, to the “ unsaponitiable matter ” 
(cholesterol) in these oils being very S])aringly soluble in petroleum 
ethei,^ whereas constant results were obtained wlien common ether 
was used. Due attention must be paid to the fact that the solubility 
of soaps in ether and petroleum ether is increased by the presence of 
wax alcohols and hydrocarbons; in accairate analysis it is tlierefon^ 
necessary, after evajiorating off the, solvent, to sliake the extracted 
unsaponiliable mass with a little warm water, and to extract again with 
ether or petroleum ether. Lewkowitsch recoinmejuls to iiicinerate 
the extract ; a residue giving an alkaliru^ reaction on treatment with a 
little water points to the presence of soap in the iinsa])onifiable matter. 
By titralioti with an acid the amount of alkali is found and the amount 
of soaj) can be calculated approximately. 

If the soap solutions happen to be iieutra.!, dilution with water 
will produce slight hydrolysis of the soaps and “ acid soaps ” (such as 
sodium bistearate, sec Chap. 111. p. 128) are formed. Such soaps arc 
somewhat soluble in ether ; it is therefore advisable, when using ether, 
to render the soap solutions sl,rongly alkaline by adding an excess of 
alkali. Petroleum ether, on the other hand, morii readily dissolves 
alkaline soaps, whereas neutral soaps are almost insoluble in this 
menstruum. 

Very often a distinct separation into two well-deliued layers does 
not take place readily, and emulsions an*, formed on shaking which 
require a very long time to sejiarate, if, indeed, they separate at all. 
Ihe last eventuality occurs in the case of waxes and notably so in the 
case of wool wax. In such cases, if ether has been used for extraction, 
it will be found most convenient to add a little alcohol or glycerin after 
shaking, and to impart a slight rotary movement to the separating 
funnel without, however, agitating. In other cases addition of a little 
caustic soda will moi-e readily produce the desired elfect. If petroleum 
ether has been employed, the formation of emulsions is l)est avoided 
by adding to the alcoholic soap solution (obtained on saponification) 
not more than an equal volume of water. 

Sometimes a floccnlent layer will appear between the aqueous 
solution and the solvent. In the c.ase of wool wax Lewkowitsch^ 

’ Journ. hid. Chan, hnij., 1911, 930. 

^ Journ. Soc. Chan, hul., 1896, 14 ; cj). al.so Dunlop, ibid., 1908, 63. 

^ ShukolV and Schestakolf (/owno Soc. Chem. Ind., 1898, 805, 878), confirm tliis lor 
liono fat cholc.sterol, which is readily c,\t.racled hy coiniiiou ether, hut not so readily 
by petroleum ether, especially when the .soap solution contains alcohol. Op. also 
G. Meyer, Chem. ZeiL, 1907, 423. 

* Journ. Soc. Cfwtn. hid., 1892, 139 ; 1896, 14. 

® Ibid., 1892, 136. 
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showed that these flocks consist of a soap insoluble in cold water and 
formed from fatty acids having a high molecular weight. The appear- 
ance of this flocculent stratum, however, does not interfere with the 
correct estimation of the unsaponifiable matter. 

The petroleum ether used for extraction should not contain any 
hydrocarbons boiling above 80° C. ; otherwise it will be found almost 
impossible to remove the last portions of the solvent without seriously 
vitiating the results. The commercial article sold as boiling below 
170° F. should not be taken on trust. It is therefore imperative to 
fractionate the petroleum ether, using a good dephlegmating column, 
e.g. Youmfs, and to discard any fractions boiling above 80° C. or even 
above 60° C. (cp. p. 282). The commercial production of “ petrol ” 
and “ white spirit ” has greatly increased the facilities for obtaining 
suitable petroleum ether. 

Considering the importance of the subject, I think it best to describe 
fully several methods for the estimation of the unsaponifiable matter, 
for the reliability of which I can speak from practical experience. On 
the whole, preference should be given to the first method, originally 
proposed by Allen and Thomson} which I describe in an amplified form 
as regards details. I also replace the caustic soda, recommended by 
Allen and Thomson, by caustic potash. 

Saponify 5 grms. of the sample with 25 c.c. of double normal alcoholic 
potash in a flask under a reflux condenser, and evaporate off the bulk 
of the alcohol. The residual soap is dissolved in 50 c.c. of hot water, 
and transferred to a separating funnel of about 200 c.c. capacity, using 
about 20 to 30 c.c. of water for rinsing the flask. After cooling, add 
30 to 50 c.e. of ether and shake the solution thoroughly. Addition of a 
little alcohol will accelerate the separation. The soap solution is then 
run off into another separating funnel and again exhausted with fresh 
ether. As a rule two extractions will suffice ; it is, however, safer 
to extract a third time. The ethereal solutions are united, washed with 
a small cpiantity of water to free them from any dissolved soap, and 
transferred to a tared flask. The ether is distilled off on the water- 
bath, and the residue dried at 100° C. and weighed.^ 

Morawski and Demski * treat 10 grms. of the sample with 50 c.c. 
of alcohol and 5 grms. of caustic potash previously dissolved in a small 
cpiantity of water. The flask in which the fat is saponified is connected 
with an inverted condenser, and after half an hour’s boiling 50 c.c. 
of water are added, and the mass allowed to cool. It is then trans- 
ferred to a separating funnel and shaken out with petroleum ether. 
When the two layers have separated, the aqueous layer is drawn off as 
completely as possible, and the petroleum ether repeatedly washed with 
water, without, however, uniting the washings with the main soap 
solution. Instead of running the ethereal solution directly into the 

^ CJiem. News, 1881 (43), 2G7. 

2 In th« cu.se of bone fat, Shukoff and Scbcstakolf do not wasli the ethereal solution, 
but evaporate down to dryness, neutralise the extract (containing pre.siiinably acid soaps) 
with standard alkali, plienolphthaleiu being the indicator, and exhaust again with 
petroleum ether (see Vol. IJ. “ Bone Fat”). 

® Dingl. Polyt. Journ. 258, 39. 
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tared flask, it is first drawn off into another dry flask (or better into 
a second separating funnel ; Lewkowitsch), and from this poured into 
the tared flask, so as to leave the water behind. The main soap solution 
is again extracted (and if need be a third time), in the same manner, 
and the petroleum ether added to the first portion. On distilling off 
the petroleum ether, the unsaponifiable matter will be left beliind. 

Spitz and llonig ^ recommend washing the petroleum ether layer 
with 50 per cent alcohol instead of water, thus shortening the time 
required for the separation of the two layers. Tlic adoption of this 
suggestion will in many cases prevent the formation of troublesome 
emulsions. 


(2) Extraction of the Dried Soap ivith Solvents 

bor the extraction of dry soap, ether cannot be recommended, as 
larger quantities of soap would be dissolved than is the case in the 
foregoing processes. Therefore petroleum ether, chloroform, or carbon 
tetrachloride arc preferable. 

Ten grms. of the sample are saponified, in a porcelain dish of 5 inches 
diameter, with 50 c.<\ of an 8 per cent alcoholic caustic potash {Allen 
used soda) solution, by gently boiling on the water-bath with con- 
stant stii'iing until the soap commences to froth ; 15 c.c. of alciohol 
aie then added, and the boiling continued until the soap is dissolved. 
Next 5 grms. of sodium bicarbonate are stirred into the mass, and 
50-70 grms. of freshly ignited pure sand mixed with it. After drying 
for twenty minutes in a water-oven, the mass is transferred to a Soxhlet 
apparatus, and extracted with petroleum ether, completely volatile 
below 80'' or 60'' C. The petroleum ether is then distilled off and the 
residue weighed. 

In case considerable quantities of mineral oils are admixed with 
fatty oils, Finhener^ uses the following process, which is but a slight 
modification of that proposed by Allen and Thomson : Heat 10 grms. 
of the sample on a water-bath with 50 c.c. of a nearly normal alcoholic 
solution of caustic soda, add 5 grms. of dry sodium bicarbonate to 
convert the excess of caustic soda into carbonate, and heat on the 
water-bath until the alcohol has been driven off. Transfer the hot 
mass to a stoppered cylinder, allow to cool, and shake thoroughly with 
300 c.c. of ]jetroleum ether. Filter into a dry flask, distil off the bulk 
of the petroleum ether, pour the solution on to a watch-glass, and weigh 
after evaporating off the remainder of the petroleum ether. 

For the more complete extraction of the unsaponifiable matter from 
dry soap, Ritter ^ recommends to mix the soap with common salt 
previous to extraction with ether. The advantage of adding salt does 
not lie in that it offers a larger surface ; hence salt cannot be replaced 
by sand or paper. Evidently the salt acts not only as a dehydrating 
agent, thus preventing the soap from passing into the ethereal solution, 

^ Journ, Soc. Chem. Iml., 1891 , 1039 . 

8 Chem. Zeit., 1901 , 872 . 


^ Itdd., 1886 , 457 . 
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but it also inhibits the formation of emulsions which is apt to occlude 
unsaponifiable matter.^ 

The methods described under (1) cannot be employed for the 
determination of alcohols and other “ unsaponifiable ” portions of 
beeswax,^ carnauba wax, and other solid waxes, since not only are 
their alcohols sparingly soluble in the cold solvents, but the alkali soaps 
of the fatty acids are not readily soluble in water nor even in dilute 
alcohol. In these cases middle layers of flocculent matter ai-e apt 
to be formed, which consist of soaps of fatty acids of high molecular 
weight in intimate intermixture with “ unsaponifiable matter.” These 
middle layers so persistently retain the alcohols, etc., that even frequent 
shaking out with solvents fails to extract tlicir total amount. In such 
cases it is best to prepare insoluble soaps of the fatty acids by neutral- 
ising the saponified mass with acetic acid, using phenolphthalein as an 
indicator, and precipitating with calcium chloride ^ or barium (diloride. 
The precipitate is washed, dried, mixed with sand, and boiled out 
repeatedly with petroleum ether. 

In the case of shark liver oil and some kinds of whale oil, examined 
by Lewkoivitsch,^ very considerable quantities of soap were dissolved 
together with the unsaponifiable matter, so that petroleum ether is 
useless in these cases. For these substances one of the processes 
described under (1) must therefore be used. 

As the amount of unsaponifiable matter in natural oils and fats 
depends to a considerable extent on the mode of ])reparation and 
extraction of oils and fats, the proportion vaiies, of coui'se, with dilTereiit 
specimens of one and the same oil. No useful purpose would be served 
by tabulating the proportions of unsaponifiable matter in tlic natural 
products. A considerable number of data ascertained in the case of 
commercial samples will be found in the monographs given in Vol. II. 
Chap. XIV. 

In the case of waxes also the amount of unsaponifiable matter 
varies. It should be borne in mind that the greater part of the “ un- 
saponifiable ” consists of the alcoholic portion of the esters, which arc 
accompanied by smaller amounts of hydrocar boils. 

^ For a iiiodificatioii of Kitter’.s nietliod for detenidiuiig the proportion of cliole.'iterol 
cp. H. J. Coo{)er, Journ. Jiiol. Chem., 1912 (11), 37 ; (12), 197. 

^ Cp. Buchner, Chem. Zeit., 1907, 570. 

^ The iinLgne.siiuii, calcium, strontium, barium, aluminium, zinc, cadmium, and 
copjicr .soap.s are .soluble in both common ether ami petroleum ether to a notable extent 
(cp. Vol. III. Chap, XV.), The least .soluble are the calcium .salts. Chatela.u and Spiess 
patent a j)roce.ss for extracting lime salts, containing an cxcc.s.s of lime, or hydro.silicate 
and other inert .sub.stance.s (German patent 191,871). 

* Journ. tSoc. dkevi. hid., 1896, H, 
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W AXES— Q U A LIT ATI VE 'V ES1\S 

Tiiic meaning of some of the (|nn.litative tests wliich form the subject 
of this chapter lias been pointed out already in the introduction of 
the precculing chapter (p. 378), and their bearing on the examination 
of oils, fats, and waxes has been explained in general. Tlie prominence 
given foi’incrly to some of them (such as the elaidin test and the 
Mawneue test), notably for classifying purposes, lias greatly diminislied 
within the last decades. They arc clescribed Jicro, side iiy side with 
the othei- more important tests, as they are still employed by a number 
of chemists. 

These tests comprise the following : — 

(1) Elaidin Test. 

(2) Sulphur Chloride Test. 

(3) Oxygen and Ozone Absorption Test. 

(4) Bromide Te.st. 

(5) Thermal Reactions. 

Colour tests, which are caused by foreign matters dissolved by 
the oils in the cour.se of their preparation {e.g. small quantities of resins, 
etc.), do not give, as a rale, .such decisive results as do the qualitative 
tests just enumerated ; this is also due to a great extent to the fact 
that the quantity and sometimes also the nature of tho.se impurities 
varies considerably in*differeni specimens of the same kind of oil owing 
to the dilTerence of the processes adojited in theircommercial ])re|)aration 
and purification. Only in some special cases, which will be considered 
under 

(6) Colour Tests, 

do the colour reactions furnish definite indications. 


1. Elaidin Test 

This test is based on the fact that olein is converted into the solid 
isomeric elaidin by nitrous acid, whilst the glycerides of linolic, linolenic, 
and (dupanodoiiic acids remain liquid under the same conditions. The 
non-drying oils yield therefore solid masses, whereas the semi-drying 
461 
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and the drying oils give more or less liquid products. (Cp. Chap. I. 

The fact that fuming nitric acid has the property of thickening 
olive and almond oils appears to have been observed first by Boyle 
in 1661. Poutet in 1819 proposed this test for the examination of 
adulterated olive oil. Poutet' s test, as practised in the Paris Municipal 
Laboratory,^ is carried out in the following manner : 10 grms. of the 
oil under examination, 6 grms. of nitric acid of specific gravity 1-38 
to 1-41, and 1 grm. of mercury, are placed in a test-tube, and the 
mercury is dissolved by shaking continuously for three minutes. The 
mixture is then allowed to stand for twenty minutes, when it is shaken 
again for one minute. The behaviour of different oils after that time 
is recorded in the following table : — 


Kind of Oil. 
Olivo oil 
Arachis oil 
Sheep’s foot oil 
Sesame oil 
Colza oil 
Linseed oil 
Cod liver oil . 
Whale oil 
Hemp seed oil 


Consistence. 

Solidified after GO minutes. 

„ „ SO 

„ „ 120 

„ „ 185 

„ „ 185 

Forms a red, dough-like scum. 

Becomes doughy, red, and forms a scum. 
Same appearance. 

Remains unchanged. 


Copper may be substituted for mercury. 10 c.c. of oil are placed 
together with 10 c.c. of 25 per cent nitric acid and 1 grm. of copper 
wire in a test-tube, and allowed to stand. Finkener'^ recommends 
for 10 c.c. of oil 0*2 grm. of copper and 0-5 grm. of nitric acid of spec, 
gravity 1-2. 

The various modifications of the elaidin test proposed by a number 
of observers have been discussed by Archbutt, ^ who thoroughly examined 
them. His results point to the following conclusions : — 

(1) The test must be made at a temperature not below 25° C., and 
the temperature must be uniform throughout the experiment. 

(2) The length of time required for solidification is of far greater 
importance than the ultimate consistence of the elaidin formed. 

Archhutt prepares and applies Poutet’s reagent in the following 
manner : 18 grms. of mercury are placed in a dry stoppered 50 c.c. 
cylinder, and 15-6 c.c, of nitric acid, specific gravity 1-42, are added 
from a burette. The nitrous acid is entirely absorbed with production 
of a green colouration ; as long as the reagent retains its green colour, 
it is fit for use. 8 grms. of the reagent are shaken up with 96 grms. 
of the oil in a wide-mouthed stoppered bottle, placed in water at the 
required temperature, and again shaken at intervals of ten minutes 
during two hours. 

When tested in this manner, the more important oils may be 
arranged, according to Allen,* in four groups : — 


^ Cp. Peloiizo and Bondet, Antud. d. Chim. et l‘kys., 1838 (69), 44. 
® Zeits. f. analyt. Chem.,, 1888 (27), 534. 

® Journ. Soc. Chem. Ind., 1886, 304. 


* Commercial Organic Analysis, ii. 68. 
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(а) A solid, hard mass is yielded by : Olive od, almond oil, arachis 

oil, lard oil, sperm oil, and sometimes neat’s foot oil. 

(б) A hutter-like mass is yielded by : Neat’s foot oil, Arctic sperm 

oil, mustard seed oil, and sometimes by arachis, sperm, and 
rape oils. 

(e) A pasty or buttery mass, separating from a fluid portion, is yielded 
by : Sunflower oil, niger seed oil, cotton seed oil, sesame oil, 
rape oil, cod liver oil, seal oil, whale oil, and porpoise oil. 

{d) Liquid products are yielded by : Linseed oil, hemp seed oil, 
and walnut oil. 

Archhult experimented also with a reagent prepared by passing 
dry sulphur dioxide into cold nitric acid of specific gravity 142. This 
reagent thickens cotton seed oil and rape oil. The ])roduct yielded by 
pure cotton seed oil is red, that given by rape oil deep red. 

Ten per cent of either oil if admixed with olive oil does not sensibly 
colour the white elaidin yielded by the latter oil. 

The hardest elaidins are obtained from arachis oil, olive oil, and 
lard oil. 

The elaidin test has been specially applied to the examination of 
olive oil. It cannot, however, be made to serve as a (quantitative 
reaction.^ It has been shown first by Hiihl that the most serious errors 
may be committed, when an attempt is made to draw conclusions as 
to the (;omposition of an oil from (iilierences in the time required for 
the formation of elaidin, and from observations of the consistence and 
colour of the solidifiod mass, sin(;e the mode of preparing the nitrous 
acid, the mode of mixing the acid and oil, the shape of the vessel, and 
chiefly the temperature, influence the results to a very considerable 
extent.^ Nor should it lie forgotten that the age of an oil and the 
manner in which it has been kept (exqiosure to air and light) have an 
important bearing on the results of the elaidin test. Thus Gintl has 
shown that an olive oil after exposure to sunlight for a fortnight did 
not yield any elaidin at all. The results obtained in the elaidin test 
are in every respect much loss valuable than those furnished by the 
iodine test. Nevertheless the elaidin test is still used, notably in 
France, in the examination of olive oils. In the comparative examina- 
tion of almond oil and its congeners this test may afford some little 
information of a discriminative nature. 

In order to obtain trustworthy results, it is indispensable to in- 
stitute side by side with the oil under examination, under exactly the 
same conditions, comparative tests with standard oils of known purity. 


2. Sulphur Chloride Test 

E. Bruce Warren stated that drying oils, on treatment with sulphur 
chloride, SgClg, yield solid masses, insoluble in carbon bisulphide, 

1 Cp. “Oleic Acid,” p. 181. 

2 The same conclusions have been restated by Welloman, Journ. Soc. Chem. Ind., 
1891, 800. 
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whereas yion-drying oils under the same treatment give soluble products. 
He based on this reaction a means of discriminating between drying 
and non-drying oils. The amount of drying oils in mixtures of fatty 
oils is determined in the following manner : — 

The reagent employed is sulphur chloride, diluted with an equal 
volume of carbon bisulphide. The sulphur chloride is obtained from 
tlie commercial yellow sulphur chloride (“ chloride of sulphur ”) by 
fractional distillation, the portion boiling below 137'^ C. being rejected. 
(The portions having a lower boiling point may be digested with a 
moderate excess of sulphur and again fractionated.) The reagent, 
prepared as indicated, is kept in bottles closed by corks coated with 
paraHin wax. The exact quantity required for a test is withdrawn by 
means of a pipette. To perform a test, 5 grins, of the oil under exam- 
ination are mixed with 2 c.c. of the reagent and 2 c.c. of carbon 
bisulphide in a porcelain crucible of about 120 c.c. capacity, and warmed 
on the water-bath, with constant stirring, until tlie reaction sets in. 
The mass soon becomes hard. The product must be broken up with 
a glass rod as completely as possible, in order to allow thorough expulsion 
of the volatile substances ; it is then dried until constant weight is 
obtained. The appearance of the product, both before and after 
drying — especially with regard to colour and consistence — should be 
noted. The dried mass is finely powdered and exhausted with carbon 
bisulphide, the solution evaporated to dryness, and the residue weighed. 
The quantity of the insoluble portion is found by difference. (It should 
be noted that every trace of moisture must be rigorously excluded.) 

Warren obtained the following figures with poppy seed and linseed 
oils : — 


grina. of 

Solid Insolnlilo I’ro- 
din-t. 

Liquid Soliiiilo I’ro 
duct. 


Gnus. 

Gt'tns. 

j f’‘>PPy seed oil gave 

(P4() 

1.90 

j Lin-sced oil „ 

0-30 

U-78 

i 


Warren’s method is based on older observations made by Rochleder} 
Roussin,^ Perra^ and Mercier.^ His results, however, do not agree 
with Rochleders statement that olive oil, pre-eminently a non-drying 
oil, yields an insoluble product ; they are further contradicted by 
Sommer ^ and by Henriques.^ The experiments carried out by the 
latter prove conclusively that no relationship exists between the 
drying power of an oil and the proportion of sulphur chloride required 
to form a solid product. 

Experiments undertaken by the author (with a view to converting 
the sulphur chloride test into a quantitative reaction) prove the un- 


^ Dingl. Polyt. Jonrn. Ill, 159. 
» Ibid. 151, 138. 

® German patent 50,282. 


2 Ihirl. 151, 136. 

(Jompt. rend. 84, 916. 

® Jvum. Soc. Ohem. Ind., 1894, 47. 
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reliability of WarrerCs statements, as will be seen from an examination 
of the following numbers : — 


Oils and Fats treated with S2CI2 ; 5 (jrms. of fat ; 2 c.c. S2CI2, and 
2 c.c. CSg (Leivkowitsch) 

A. Products completely soluble in Carbon Bisulphide 


Class of Oil. 

Kind of Oil. 

Matin tlilclcens after 
MiniitOH. 


Sperm oil, No. 1 


20 


Sperm oil, No. 2 


45 

Liqvlid waxes . . 

Arctic sperm oil, No. 1 


45 

. 1 

Arctic sperm oil. No. 2 


55 

1 

Arctic sperm oil, No. 3 
Mowrah seed oil 


30 

Vegetable fats . . 

Palm oil 

Palm nut oil 

Cocoa nut oil 


Do not 

{ 

Lard 


thicken. 

Animal fatji , , 

Butter fat 




Beef tallow 



' 1 

Mutton tallow 




B. Products not completely soluble in Carbon Bisulphide 




Solidifle.s after Minutes. 

Soluble in 
CS2. 

Class of Oil. 

Kind of Oil. 

In the Cold. 

On the Wuter-batli, 





Per cent. 

r 

Linseed 

10 

2 

14-4 

Drying oils . 

Tung, Chinese 
Hemp seed 

n 

11 


ti -2 


>> 

1 

21 


10-6 

Fish oils . 

Japan fi.sh 

9 


12-4 

Liver oils . . | 

Cod liver, pure 
Cod liver, rancid 

15 

li 


4-4 

0'4 

Blubber oils . / 

Seal 

11 


4.4 


Whafb 

13 


3 0 

Cotton seed 

20 

4 

24-0 


Sesarad 

21 


18-4 

Semi-drying oils ■ 

Colza 

23 


2-8 


Rape 

12 

2 

4-2 


Croton 

18 


25-4 


Poach 

20 


4-8 


Almond, sweet 

27 


4-0 


Almond, bitter 

28 


3-4 


Arachis 

30 


O'O 


Olive 

22 

4 ' 

4-2 

Non ilrying oils . ■ 

Castor 

i 

at once 

3-8 

Sheep’s foot 
Horses’ foot 

36 


6-0 


20 


13'6 


Neat’s foot 

23 


9-4 


Lard 

10 


15'0 


Tallow 

12 


29-8 


2 H 


VOL. I 
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The author further observed a remarkable difference in the action 
of sulphur chloride on vegetable oils on the one hand, and on their 
mixed fatty acids on the other. Whereas the oils are acted upon 
quickly with the formation of a solid product, the free acids react more 
slowly, yielding semi-solid, viscous products. 

The chemical change which takes place, when sulphui* chloride is 
allowed to act on oils, appears to consi.st in an absorption of the elements 
of sulphur chloride, much as iodine chloride is absorbed in HilbVs test. 
Henriqyes showed that after treatment with sulphur chloride, oils have 
far lower iodine absorption values than before. Ulzer and Horn, and 
afterwards llenriques, proved that the products of I'caction contain 
sulphur and chlorine in approximately the same proportion as docs 
sulphur cliloride (S 2 CI. 2 ). Thus, the action of sulphur chloride on 
oils appears to consist in the conversion of unsaturated fatty acids or 
their glycerides into saturated compounds. Further investigations 
must show whether a separation of .saturated from unsaturated glycerides 
can be effected by means of this reagent. In this connection the 
difference between the behaviour of lard and tallow on the one hand 
and that of their “ oleines ” on the other is somewhat remarkable. 

The researches of C. 0. Weber ^ have thrown much light on the 
rationale of the chemical reaction involved. Further information 
on that subject will be given under “ India-Rubber vSubstitutes ” 
(Vol. III. Chap. XV.). For the thermal reaction with sulphur chloride 
cp. p. 488. 


3. Oxygen and Ozone Absorption Tests 

The absorption of oxygon from the atmosj)here has a very important 
bearing on the liability of oils to cause spontaneous combustion when 
spread in a finely divided state on fibrous organic substances (cp. 
Vol. III. Chap. XV. “ Wool Oils ”). It has also very great importance 
in the industries of paint oils, boiled oils, and varnishes (cp. Vol. III. 
Chap. XV.). 

It has been pointed out already (p. 416) that the iodine absorption 
of oils and fats stands in close relationship to their absorption of oxygen, 
and that the latter property, being a measure of the drying power of 
oils, had been used for purposes of classification. It has further been 
explained that the classification based on the iodine value includes the 
subdivision of the oils into drying, semi-drying, and non-drying oils. 

Although the extremes of these groups, as represented by linseed 
oil and olive oil, are sharply defined, in that the foi mer easily dries ” 
to a solid substance on expo.sure to air, even at the ordinary tempera- 
ture, whereas the latter remains comparatively unchanged under the 
same conditions, there exist so many gradations between these two 
extremes, that a sharp line of demarcation cannot be drawn. The 
gradual transition from true drying oils to decidedly non-drying oils 
admits of the interposition of an intermediate class of semi-drying oils ; 

^ Jmirn. Soc. Chem. Ind,, 1894, 11. 
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l)ut as tlic })rocess of drying with formation of a skin may oc.-oupy in 
Home eases as mucli as several months, it is evident that a strict sub- 
division cannot be based on the more or less pronounced drying 
properties. 

It sliould be 3ioted that the distinction drawn here between drying, 
semi-drying, and non-drying oils is based on their bcliaviour at the 
ordinary tempcirature, for according to Livache all oils, even solid fats, 
are oxidised on exposure to air at higher temperatures (see below). 

Idle foregoing notcis may be illustrated in a general maimer by 
some comparative tests due to Archbutt} 


Kiml of Oil. 

Tinu! rfiniiixMl for a Uiiu (ilin li 
dry in aii' at 60 ' C. O'l ^0111. oil 


on a glass sniraoc. 7 sq. cni. 

Linsood . 

About 12 hour.s 

Maize 

18 

Cotlon seed 

„ 21 „ 

ruica.s 

„ 24-30 lioiirs 

Rape 

„ 4H 

Olive 

More than 1.3 days. 


Tlie cliemicid changes which take place while oils are “ drying ” 
arc very imperfectly understood, and further experiments arc rispiirc’d 
to elucidate this im|)ortant question (cp. “ Boiled Oil," Vol. III. 
Cdiap. XV.). The drying properties of a vegetable oil seem to stand 
in dii’ecit I'atio to tne proportion of glycerides of linohmic and linolic 
acids in the oil. TherefoKi, in a general way, the rule holds good that 
the higher the iodine value the better will an oil dry. (In tlic case of 
tung oil the drying power seems to reside in eheomargaric acid.) This 
rule satisfactoi'ily explains the fact that even closely related oils, such 
as the oils of the rape oil group, behave differently when exposed to the 
atmosphere. In the case of animal oils of the fish, liver, and l)lubl)er 
oil groups, the o.vygen nbsorption must be ascribed to the ])resence of 
clupanodonic acid. 

If oils be treated with ozone a direct proportionality is observed 
betweem their iodine value and the amount of ozone absorbed. Molinari 
and his collaborators ^Soncini, Fenaroli} and Barosl ^) have shown 
that the glycerides of unsaturated fatty acids absorb as many mohicules 
of ozone as they contain pairs of doubly-linked carbon atoms in their 
molecule. The amount of ozone absorbed is found in a direct manner 
by dissolving the oil under examination in a suitable solvent and passing 
a current of ozonised air through the solution, until no further increase 
in weight takes place. In the earlier experiments the complete absorp- 
tion required a prolonged time, but by heating the solution containing 
the ozonide in a vacuum on the water-bath at 60*^ 0., constant weight 
can be obtained within half an hour, so that the whole determination 

^ Journ. i^ic. Chem. hid., 1899, 347. 

2 Aiinuario delta >Soc. Chimira di Milano, 1903, ix. p. .'j 07 ; 190.5, xi. p. 80 ; 1906, 
\\\. fascia i., ii., iii., and iv. ; Ikrichte, 1906, 2735 ; (Jazz, chim., 36, ii. 292. 

^ Berichte, 1908, 2789 ; 2793. 
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of tlie increase in weight by absorption of ozone — termed “ ozone 
value ” — need not require more than two to three hours. The increase 
which a specimen of olein having the iodine value 85-8 (theory 86*2, 
see p. 406) gained on being saturated with ozone in a solution of 
(petroleum) hexane was 16-45 per cent, whilst theory required an 
increase of 16-27 per cent. The product so obtained has been described 
above as (p. 28) “ Triolein (Olein) Ozonide.” Fenaroli obtained the 
“ ozone values ” given in the following table ; against the observed 
numbers are placed, in the last column, the theoretical “ ozone values ” 
calculated from the corresponding iodine values : — 



Ozone Value found. 

Ozone V.alue calculati'd 
from Iodine Value. 

Iodine Vahio. 

Linseed oil 

34 

33-5 

176-8 

Maize ,, 

21-6 

21-6 

114-1 

Olive „ 

10-0 

1.5-9 

83-8 

Castor ,, 

Cliolesterol 

16-2 

16-3 

86-4 

24-8.5 

1 

65-8 

Phytostorol . 

21-85 

1 

65-8 


It would seem to follow from the numbers stated in the last table 
tliat the information gained by the determination of the ozone value 
is fully comparable with that obtained by determining the iodine value. 
Since, however, in practical work the determination of the iodine value 
is very much sinq)ler than that of the ozone value, it is not likely that 
the determination of the ozone value will sup])lant that of the iodine 
value. 

In the case of the absorption of oxygen from air no such quantitative 
proportionality as exists in the case of ozone has been observed hitherto. 
Olein absorbs six atoms of iodine, and, as shown above, assimilates a 
closely corresponding amount of ozone, yet it does not readily absorb 
oxygen from the air. In fact its fatty acid, oleic acid, which absorbs 
two atoms of iodine and, in conformance therewith, one molecule of 
ozone (see Chap. III.), pos.sesses no drying ju’operties. Therefore a 
direct proportionality between the quantities of oxygen and iodine 
which drying oils assimilate, cannot be established, inasmuch as two 
atoms of absorbed iodine should correspond to one atom of oxygen. 
Still, a certain proportionality does exist, as will be seen from the 
following table, in which the percentage of oxygen actually absorbed 
is compared with the quantity of oxygen calculated from the iodine 
absorption value by multiplying the latter by = 0 063.‘‘‘ 


^ The theoretical “ozone number” for two molecules of ozone is 24-84. Cholesterol 
an<i phyto.sterol absorb, however, only two atoxn.s of bromine (or one nioleculo of iodo- 
chloride, as far as has been proved in the case of cholesterol ; see p. 268). It should 
also be pointe<l out that according to Harries, J debit’s Annal, 374, 291, the ozone 
addition method does not alwny.s yield correct re.sults. 

* Cp. Engler and Weissberg, Berichte, 1900, 1097, and Vol. III. Chap. XV. 
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Kind of Oil. 

Oxygen Absorption. 

Detmnineii by 
Weighing. 

Calculated from Iodine 
Value. 

4 

Per cent. 

Per cent. 

Linseed 

16-6-10-31 

1077-12-6G 

Hemp seed. 

13-4 

9-324 

Walnut 

7-9 

9-135 

I’oppy .seed 

G'8 

8-28-9-01 


If ii convenient method were known foi* the aeinir.atc determina- 
tion of the oxiffjen wJiicli is absorbed during the drying jirocess, it 
would be possilile to chivss the detei-mimition of the drying power, or, 
as it miglit be termed, tlie “ oxygen value,” amongst the quantitative 
tests. Determinations made by eai-lier of)servers ^ were done in a very 
unsystematic fashion, insudicient regard having been paid to such 
important factors as tem])erature,^ influence of liglit,^ moisture of the 
atmosphere, thickness of layer exposed, age of the oil, etc. 

The earliest experiments consisted in exposing different oils to 
the atmosi)]iere, and ascertaining the increase of weight which had 
taken [)lace after a certain lapse of time. The greater the gain in 
weight, the greater vvas c-,onsidered to be the oxygen absorption, or, 
in otluT words, the gr(;ater the drying power of the oil. But the 
numbers thus obtained could give but limited information as to the 
oxidation which had taken place. For if an oil were cxjaised in dishes 
in a layer about one centimetre thick, as was usually the case in these 
earlier experiments, a skin would soon be formed on the top layer. This 
would prevent further access of tin; oxygen of the atmosphere to the 
oil, so that whilst the top layer might represent a comj)letely oxidised 
oil, tlie layer immediahdy below would only be partly oxidised, owing 
to dilfusion of oxygen into that middle layer, and the bottom layer 
would represent practically unchanged oil.^ This can be readily 
ascertained by exposing linseed oil to the atmosphere, in a porcelain 
disli, in a layer of abo^t one centimetre thichuu^ss. After about one 
week a dry skin will have formed on the top ; on breaking the skin it 
will be found that the layer immediately below is still viscid, whilst 
the bottom layer is liquid. Hence, such tablets as those given by Mulder ^ 

’ Weger found higlier values ; aiul Gentho, even ‘257 per cent (in ultra-violet light) ; 
see Vol, in. Chap. XV. “Boiled Oil.” With regard to the action of ultra-violet liglit 
op. also E. v. Aubel, Vompt. rend., 1909 (149), 98U.- Compare also Cooper Hewitt lamp, 
Vol. IT. “ Linseed Oil.” 

A number of methods due to earlier ohservers such as Casselin.anu, Fox, Bacdi, a. o., 
were enuiticratofl in the .second edition of this work (1898, p. 285), hut have been 
omitted in titer editions on account of their nsele.ssness. Recent revivals of these 
method.s need not therefore be referred to. 

^ Cp. Genthe, Zeits. f. aiujew. (Jheni., 1906, 2089, and Vol. III. Chap. XV. “ Boiled 
Oil.” 

^ Weger, Zeits. f, angeiv. Chevi., 1898, 492, 507 ; Chem. Rev., 1898, 315, 

° Cheniie der amtrochnendeM Oelc. 
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and by Kisslinff ^ are of limited value, and I therefore omit them here. 
Besides, no account was taken of the fact that the increase of weiglit 
(ascertained by weigliing) merely represents the algebraical sum of 
all the changes that have occurred, and that therefore the increase of 
weight cannot be identified with the amount of absorbed oxygen. In 
the course of drying, other changes take place (such as the formation 
of volatile acids, as also of carbon dioxide) which cause a loss, the 
amount of which is obliterated by the preponderance of the gain through 
absorption of oxygen (cp. Vol. 111. Chap. XV. “ Oxidised Oils”). 

Since the drying of an oil requires a protra(‘ted length of time, 
attempts were made to accelerate the progress of drying by mixing 
with the oils finely divided lead {Livache ^j, or finely divided cop])er 
{Hiihl ; Lippert^). Livache s lead powder is prepared by prcci])itating 
a lead salt with zinc, washing the precipitate rapidly in succession 
with water, alcohol, and ether, and finally drying in a vacuum. The 
test is carried out as follows : Spread about 1 grin, of lead (or copper) 
powder, weighed off accui'ately on a somewhat large watch-glass, in a 
thin layer, and allow to fall on to it from a pijiette 0-6 to ()-7 grms. 
(not more) of the oil to be tested, placing each drop separately on the 
lead (or copper) powder, taking care that the drops do not run into 
one another. Then allow the watch-glass to stand at tlie ordinary 
temperature exposed to light. (The acceleration of the drying by the 
catalytic action of metals or their salts, will be discussed under “ Diiers ” 
(Vol. III. Chap. XV.).) 

In this process, linseed oil reaches tlie maximum alisorption within 
a few days, whereas under ordinary conditions the same result is only 
arrived at after a much longer time has elapsed. Livacha states that 
drying oils absorb the maximum quantity of oxygen efter eighteen 
hours, or in some cases after three days, wliereas non-drying oils do 
not gain in weight before the lapse of four or five days. Weger ^ con- 
demns Lmiche’s process, and recommends to employ larger quantities 
of lead, so that for 02 grin, of oil there should be taken at least two 
grms. of lead powder. But even in that case the results, as shown 
below, were not found to be satisfactory. 

The following table reproduces a number of results obtained by 
Livache s methodi. There is added the gain irf weight of the free fatty 
acids, since the free fatty acids, with the notable exception of those of 
cotton seed oil, beliave in Livache' s test much like their glycerides, 
so that their increase in weight corresponds to the gain in weight of the 
neutral oils. 

^ Journ. Hoc. Chan. Ind., 1891, 778 ; 1895, 479. Cp. also secuiul tnlition of this 
work, p. 285. 

Ihid., 1886, 494. 

Chem. Revue, 1899, 67. 

■* Chem. Remc, 1898, 246. 


[Table 
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Oxygen Ahsorption by Livache's Test 




Gain in Weight of lOO^arts : 



Kind of Oil. 

2 Days. 

Of Oil af 

3 D.'iya 
(Jea/i !)• 

Ler 

7 Days. 

Until Weight 
reinained 
constant 
(Tortelli •). 

Of Fatty 
Acids .at Iff 
8 Days. 

Observer. 

Linared . 

14-3 




11-0 

Livachc. 

Stilliiioia. 

8-72 


12-45(8 days) 




Walnut . 

7-9 




6-0 


I’oppy seotl 

6-8 




3-7 


Cotton seed 

5-9 




0-8 


Beech nnt 

4-3 




2-6 

M 

Col/a 

0 0 


2-9 


2-6 

> ) 

Rape 

0-0 


2-9 


0-9 


Sesani6 

0-0 


2-4 


2-0 


Aracliis . 

0-0 


1-8 


1-3 


Olive 
.lapan lisli 
Menhaden 
Sardine . 

Cod liver. 

Whale . 

Neat’s foot 

S])erni 

0-0 

8-194 

5- 454 

6- 383 
8-266 

1 -6-29 

1-7 

■.-22 

5-43 

7-62 

1-19 

0-7 



In order to effect more i-apid oxidation Bishop,^ followinjf the 
metliod adopted in practice witli paint oils (Vol. III. Chap. XV.), 
spreads the oil on precipitated silica, and adds a little^ manganese 
rosinate (see “ Drier.s,” Vol. III. (diap. XV.) obtained from the com- 
mercial product by extraction with petroleum ether or common ether. 
Bishop proceeds as follows : 5 to 10 grms. of oil are jilaced in a dish 
and mixed on the water-bath with exactly 2 per cent of manganese 
rosinate, until the latter is completely dissolved. 1 grm. of calcined 
priHupitated silica is weighed into a flat-bottomed dish, and 1-02 grm. 
of the rosinated oil is abided, diop by drop, by means of a pipette. The 
mass is intimately mixed with the aid of a glass rod, and carefully 
spread over the bottom of the dish so as to offer a large surface to the 
air ; it is then left at a temperature of 17“-25° C. in the case of drying 
oils, and at 20°-30^ C. in the case of other oils. The dish is weighed 
after six hours, and twice more in the twenty-four hours, a fresh surface 
being exposed after each weighing by stirring the mass. The maximum 
increase in weight, calculated to per cent, is termed by Bishop the 
“ degree of oxidation ^ 

The following table contains the results obtained by Bishop : — 


> Allowed to stand for three days in a dry atmo.spliere (\uider a desiccator over 
sulphuric acid). 

^ Jo, mi. 1‘harm. et Chimie, 1896, 55 ; Journ. Soc. Chem. Ind., 1896, 475. 
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Oil. 

Specific 

Gravity. 

Absorption, of 
Oxygen in per cent 
“ Degrees of 
Oxidation.” 

Mean 

Values. 

Linseed oil, French .... 

0-9327 

17-70-16-40’ 

17-05 

,, ,, River Tlata 

0-9304 

15-45-15-00 

15-20 - 

Hemp seed oil . . . . 

0-9287 

14-55-14-30 

14-40 

Poppy seed oil, French 

0-924 

14-50-13-90 

14-20 

Walnut oil, French .... 

0-924 

13-70 

13-70 

Cotton seed oil 

0-924 

8-60 

8-60 

,, ,, freed from stcarine 

0-923 

9-60-9-30 

9-45 

Sesame oil, Senegal .... 

0-9215 

8-95-8-50 

8 70 

,, ,, Indian .... 

0-921 

7-40 

7*40 

Arachis oil, African .... 

0-916 

6-70 

6-70 

,, „ white .... 

0-916 

6-60 

6-50 

Colza oil, French .... 

0-9142 

6-40 (?) 

6-40 (?) 

,, ,, Indian .... 

0-9137 

5-90-5-80 (?) 

5-85 (?) 

Olive oil 

0-9155 

5-30 (?) 

5-30 (?) 


Fahrion ^ proposed to determine the oxygen absorption of an oil by 
impregnating with it a strip of chamois leather, and exposing it, sus- 
pended from a brass hook, to the atmosphere. Side by side with it 
he suspended a similar strip of leather, serving as a blank test, so as to 
eliminate the influence of evaporation of moisture from the leather, etc. 

Fahrion' s results are tabulated below ; the absoi’ption of oxygen 
has been calculated to 100 parts of oil used : — 


^ Lippert, Jinini, iSoc. Chcui. lud,, 1898, 588, found in some cases, wlieu using com- 
parativtdy fresh oils, tlie absorption from 17 to 18 per cent, and in a few cases even 
19 [XT cent ; bnt he never obtaineil 20 per cent. 

^ Joiirn. Chem. Jntl., 1895, 811. 


[Table 
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A modification of this method, using cotton yarn as a sub- 
stratum {Fahrion^) applied to the isolated fatty acids, will be described 
below (Chap. VIII. p. 567). 

From the foregoing notes it will be gathered that the changes which 
accompany the drying of an oil are of a very complicated nature, and 
de]>end on a variety of factors, namely, the age of an oil, the action 
of oxygen through exposure to air previous to examination, length of 
time of exposure, thickness of layer, atmospheric (mnditions,^ tempera- 
ture, and influence of light. Investigations as to the influence whi(;h 
each of these factors exercises to the exclusion of the others are obviously 
beset with great dilficulties, and have not been carried out hitherto in 
a systematic fashion. 

The influence which the length of time during which an oil is exposed 
has on the determination of the drying power is illustrated by the 
following table 


No. of Oil. 

Weight of Oil. 

Weightof Lead. 
Grins. 

Gain in Widght of 100 Paris alter 

Grins. 

1 Day. 

3 Days. 

(> i^ays. 

ti Days. 

1 

3-246 

1-012 

14-4 

15-7 

unohangod 


2 

3-154 

0-653 

2-45 

12-0 

15-9 

unchanged 


No. 1 must be considered the bettor drying oil, ultliough both oils 
finally absorb the same amount of oxygen. 

llegarding the influence of temperature, it has been established 
so far that at elevated temperatures tlie absorption of oxygen takes 
place at an increased ratio. 

Livache showed that rape oil and olive oil, when kept at a sufficiently 
liigh temperature (120'^-16CF C. with or without previous treatment 
with litliarge or manganese borate), behave like drying oils and become 
finally transformed into a solid substance, viz. Mulder’’ s ‘Minoxyn ” 
(see Vol. III. Chap. XV.). Further experiments of Livache prove that 
all fatty substances without exception, whether of vegetable or animal 
origin, even solid animal fats, can be converted into “ linoxyn,” the 
rapidity of the change depending on the tem]:>erature used and on the 
previous treatment to which the fatty substance has been subjected.^ 

Lip'pert, as also Weger, undertook a systematic study of the drying 
power of oils, by exposing them to the action of the atmosphere in very 
thin layers on glass plates. It was found that glass could not be replaced 
by any other materials lighter in weight ; thus celluloid, gelatin, and 
even ebonite were found completely useless. Sheets of mi(ia, although 
useful for the work, are too easily damaged, and even sheets of thin 

^ Zeils. f. amjew. Chem., 1910, 722; 1106. 

" Cj>. (liffcrence between boiled oil prepared with lead iind manganese driers 
respectively (Vol. 111. Chap, XV.). 

Cp. Flciirent, Journ. Soc, Vhem. Ind., 1898, 8,')2. 
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metal have the drawback of being too easily creased. Necessary 
precautions in this test are : that the glass be perfectly clean, free from 
dust, and that the oil be spread with the greatest possible care in an 
evenly thin layer. If the layer is of uneven thickness, increase of 
weight may 0(;cur at one place, whilst simultaneously in a thinner layer 
loss of weight may take place. A series of experiments showed that 
the thinner tlie layer of oil exposed, the more rapidly is oxygen absorbed 
at the commencement of the experiment, but after twenty-four hours 
an equilibrium seems to be established. The thicker the layer the 
smaller is the increase, but if the layer is too thin, unreliable results 
will be obtained. The best c.onditions seemed to be reached by spre.ad- 
ing the oil so that about 0-0005 grin, covered one square centimetre 
of a glass plate. 

The talile facing this page reproduces the results collated from 
Wegers table. 

It will be seen that the process is an extremely tcilious one, and 
depends on the accuracy with which a few decimilligrams can be 
ascertained. Besides, the method does not yield absolute figures, and 
can only be used as a guide in comparative tests. It must, tluirefore, 
de[)end on the given circumstances whether this process should be 
appliial. Bor if it is merely a question of discriminating between 
drying, semi-drying, and non-drying oils, the iodine vajiie will not only 
be the most convenient sorting test, but will at the same time furnish 
quantitative results, as explained already. It should be noted, how- 
ev('r, that the iodine value must not. be accepted as tantamount to a 
measure of the drying power. To take a striking example, fisli and 
]iv(T oils absoi'b ajiproxiinately as much iodine as do the best drying 
oils, and yet they are greatly inferior to the latter as regards oxygen 
al)soiq)tion power. Furthermore, fish and liver oils diller most mateii- 
ally from the “ drying oils,” in that they do not form a skin as docs 
linseed oil.^ 


4. Bromide Test 

In the course of his investigations on unsaturated fatty acids, 
llazura studied also thft ac-tion of bromine on these acids (sc'.e Chap. 
YIII.). Hehner and Mitchell'^ a])plied llazura' s suggestive methods to 
the glycerides themselves, and worked out a process which offers a 
means of dilTerentiating qualitatively drying oils, as also fish, liver, 
and blubber oils, from oils belonging to the semi-drying group and 
from liquid waxes. 

This process is best applied in the following manner, which embodies 
some slight modifications worked out in the author’s laboratory : 
Dissolve 1 to 2 grms. of oil in 40 c.c. of ether, to which a few c.c. of 
glacial acetic acid have been added, cool the solution in a corked flask 


^ With regard to tho chaugc.s wliicli oils suU’er under the iuilueuee of atmospheric 
oxidation cp. II. C. Hherman and M. J. Falk, Journ. Amer. C/iem. Soc., 1903 [25J, 711 ; 
1905 [27], 005. 

Anali/st, 1898, 313. 
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to 5° C., and add bromine from a finely-drawn out pipette,^ drop by drop, 
until the brown colouration remains permanent. (If the temperature 
were allowed to rise, evolution of hydrobromic acid would become notice- 
able. In that case the experiment must be rejected. ) A fter standing for 
three hours at a temperature of 5° C. the liquid is filtered through a 
plaited filter, and the precipitate washed four times in succession, using 
each time 10 c.c. of chilled ether. The residue is finally dried in a 
water-oven to constant weight. Tolman prefers to centrifuge the 
precipitate in a tube and wash it therein.^ 

The following are the theoretical numbers of brominated tri- 
glycerides, the fatty acids of which contain eighteen atoms of 
carbon : — 



Formula. 

Ilromine. 
Fer cent. 

Octobrominated stearin, Octobronioclupanodonin 
Hcxabrominated stearin, Hexabrouiolinolcnin . 
Tetrabrominated stearin, Tetrabromoliiiolin 
Dibrominated stearin, Dibromoolein . 

C3H(5(CjgH.2;03BrH)3 

CMCAO.nv,), 

C3Hg(C2gHg302Br3)g 

68-92 

62-28 

52-23 

35-19 


The hcxabrominated compounds obtained from linseed oil melt at 
about C. and decompose at about 155'^ C., the octobroininated 
compounds do not melt below 200"^ C. and blacken above that tempera- 
ture. 

In order to illustrate the usefulness of this metliod, the author 
may point to the fact that tung oil was found in his laboratory ^ to 
yield no hexabromides, whereas Maquemne’s formula Cjf^H 3 o ()2 for the 
chief unsaturated fatty acid in tung oil postulated that hc.Yabroraides 
should be obtained. This apparent discrepancy has been satisfactorily 
explained by Kametaka,^ who establislied the formula of CigH3202 for 
eheomargaric acid. 

Hal'phen slightly modified Hehner and MilcheWs method by employ- 
ing the following brominating reagent : 28 volumes of glacial acetic 
acid, 4 vols, of nitrobenzene, and 1 vol. of bromine. Ilalphen mixes 
0-5 c.c. of the sample with 10 c.c. of the reagent in a test-tube, and is 
thus enabled to differentiate qualitatively between (1) oils which give 
no precipitate even after one hour’s standing and form a clear solution ; 
(2) those which give no precipitate after one hour’s standing, but 
furnish a slightly turbid solution ; (3) those which become distinctly 
turbid and yield a precipitate ; and (4) oils which become turbid and 
separate into two layers on standing. In this form the test yields no 
more definite information than the iodine absorption test (cp. also 
Vol. II. Chap. XIV. “ Marine Animal Oils ”). 

It is therefore far better to carry out the test in its quantitative 
form as described above. The following table states the amounts of 
the bromo-compounds of glycerides obtained from a number of oils. 

^ Cp. also Chap. VJII. - Joivrn. Ind. Ewj. Chon., 1909, 342. 

1902, 237. * Journ, Cfieni. iiuc., 1903, 1042. 
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The numbers, due to Walker and WarburtoHy and to Stadler,^ were 
determined in tlie author’s laboratory. 


! Yield of Insolublo 
! Hrimiiili>s Ironi 
I Glyufiriiles. 
i Ter rent. 


Pei'illa . . . . 

Lirisoecl (iod. val. 181) . 
„ (iod. val. 18G-4) 
„ (iod. val. 100-4) 
Liiisoed . . . . 

Linseed, Baltic (iod. val. 
„ Indian (iod. val 

„ Dutch (iod. val 

,, Argentine (iod 

Tung, Chinese . 

„ 1st sample 
„ 2nd sample 
Candle nut 
Hempseod 
Walnut . 

Wahiut . 

Safflower 
Soya bean 

Poppy seed 
Maize 

CJotton seed 
Cotton seed ^ 

Sesam6 
Rape 
Brazil nut 
Almond . 

Olivo 

Japan fish 
Fish, deodorised 
Menhaden 
Cod liver . 

Cod, Newfoundland 
Shark liver 


197) 

, 185) 
181-5) 
val. 179-5) 


Seal 

Whale 


Sperm 


old sample . 
fresh sample 


53-0 

23-14; 23-52 
24-17 
37-72 
23-80-25-8 
47-5 ; 48-1 
39-1 ; 39-3 
30-9 

35-3 ; 33-7 
nil 
nil 

0-38 ; 0-39 
8-21 ; 7-28 
8-82 
1-42- 1-9 
2-22 

0 05-To 5 
3-73 
3-02 
nil 
nil 
nil 
nil 

0-0()-()-10 

0- 73 
nil 
nil 
nil 

21-14; 22-07 
49-01 ; 52-28 

01 - 8 
42-9 

35-33 ; 33-70 
32-08 ; 30-02 
22 

21-22; 19-08 
27-54 ; 27-92 
25 

15-54; 10-14 
20-1 22-0 

2- 01 ; 2-42 

3- 72 ; 3-09 


Obsfivei. 


[ Lewkowitsch 
Walker and Warhurton 
Lewkowitsch 

Hehner and Mitchell 
Ingle 


Hehner and Mitchell 
Walker and Warhurton 


Sprinkmeyer and Diedriohs 
Hehner and Mitchell 
Sprinkmeyer and Diedrichs^ 
Walker and Warhurton 
Lewkowitsch i 

Sprinkmeyer and Diedrichs 
Hehner and Mitchell I 


Lewkowit.sch 

Sprinkmeyer and Diedrichs- 
Stadler 

Hehner and Mitchell 


Walker and Warhurton I 

Ingle j 

Hehner and Mitchell [ 

Walker and Warhurton 

Hehner and Mitcln'll 
Walker and Warhurton 

Hehner and Mitchell 
Walker and Warhurton 
Lewkowitsch 
Walker and Warhurton 


(after standing 
48 hours) 


The brominated glycerides do not crystallise well and offer difficulties 
in filtration. Especially is this the case with the octobrominated 
glycerides. The quantitative results obtained by the several observers 
vary considerably ; this is due to variations of the conditions under 

1 A 1902, 237. 

Zeits.f. Unters. d. Nahrgs- u. (Jeniiss’m., 1912, xxiii., 684. 

^ Melting point 148“ C. 

* Determined in tlie author’s laboratory. 


^ Cooled. 
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which the determinations were made, such as temperature, concentra- 
tion, time of standing. 

In the author’s opinion, derived from very extensive practice with 
this method, it is therefore preferable to apply the bromide test to the 
fatty acids (cp. Chapter VIII.), isolated with due care so as to avoid 
oxidation by the oxygen of the air (cp. Cliap. 111. p. 110 ). 


5. Thermal Tests 

{a) Thermal Reaction with Sulphuric Acid : Mauuiene Test 

Maumeue,^ investigating systematically the reaction first observed 
by Achard (in 1777), ascertained that, on mixing concentrated sul[)huric 
acid with drying oils, a higher temperature was produced than is the 
case with non-drying oils ; Maumene then proposed the sulphuric acid 
test as a useful reaction in the examination of fats. 

Fehling, Casselmauuy Allen, Archbutt, and others conlirmed Mau- 
mene s observation, and proved that com])arablc results may be obtained, 
if the experiments are carried out under exactly the same conditions. 
It is therefore necessary to use always sul]duiric acid of pT(^cisely the 
same strength (the acid must be kept carefully protected from access 
of air), to cool the oil and the reagent to exactly the same temperature 
before commencing the operation, and even to use tlu^ same vessel 
for each determination.^ (Archbutt, however, is of the opinion that it 
is unnecessary to work at some constant initial tem])eratur(i.) 

Manmene^ found that sulphuric acid heated to 320" C., and used 
immediately after cooling, gave a different temperature rciaction from 
that shown by an acid tliat had not been so treated. Tiiis is due to 
the partial dissociation of the sulphuric acid which tak('s ])lace on 
heating. Since, according to Lunge and Naef, sulphuric, acid of 90 per 
cent of 804112 has the same specilic gravity as 96 per cent acid, it is 
best to a.scertain the strength of the .sulphuric acid by titration 
(ArchbuU 

The influence of the concentration of the acid on the I’csult is shown 
in the following table due to Archbutt (cp. also below, Thomson and 
Ballantyne’ s table, p. 485) : — ^ 


Kind of Oil. 

Rise of Temperature observetl with Acid contfiinlrig 
per cent of SO 4 H 2 : 

97-38. 

96-71. 

95-72. 

94-72. 

93-75. 

92-73. 

91-85. 

Olive 1 

Rape 

Olive, impure | 

'C. 
43-25 
42-25 
63; 62 
48-5 \ 
48-5 j 

"C. 

J 42 

61 

47; 47-5 

”C. 

39 

58 

/43-75 

1^44-25 

“C. 

36-5 

54 

40 '754 i 
40-25 / 1 

°C. 

34-5 

50-25 

38-5; 39 

'C. 

31 { 
47 
/35-6 
\35-5 

“ 0 . 

28 

29-25 
40-5; 43 
32-5 
32-5 


^ Compt. rend., 1882 (95), 572. 
* Compt. rend, 92, 721. 


Joxi/rn. Soc. Ghem. Ind., 1891, 234. 
‘ Joimu Soc. Ctiem. Ind., 1886, 304. 
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It should also be noted that on using a somewhat weak acid the 
rise of temperature is very slow. 

Archbutt recommends the following nuithod of operating : 60 grins, 
of the oil (weighed accurately to within 10 to 20 milligrams) are placed 
in a beaker of 200 c.c. capacity. The bottle of acid and the beaker of 
oil are then jilaced in a large vessel of water until both li([uids have 
acquired the same temperature, viz. about 20” C. The beaker contain- 
ing the oil is removed, wiped outside, and placed in a “ nest ” of card- 
board, having hollow sides stuffed with cotton wool, or in a larger 
beaker lined with cotton wadding. A thermometer is then immersed 
in the oil, and after the temperature has been read olf, 10 c.c. of the 
concentrated sulphuric acid are rapidly withdrawn from the liottle 
with a pipette and run into the oil ; the time allowed for the em])tying 



of the pi})ctte should occupy oidy one minute. During this time the 
oil should be stirred with the thermometer, and the stirring (amtinued 
until no further rise of tgmperature is observed. The highest point is 
easily noticed, as the temperature remains constant for some little time 
before it begins to fall. 

In order to secure a more perfect intermixture of oil and acid, Allen 
fastens the thermometer to a tin plate, bent into the shape of a screw- 
paddle. This piece of apparatus, shown in Fig. 39, forms an elHcient 
stirrer, producing a complete intermixture of the two liquids. 

The numbers of the following table, expressing the rise of temperature 
hyMaumene’s test for various oils, are arranged in the order of the magni- 
tude of the iodine values, so as to show the correlation (if any) of the 
thermal reaction and the iodine values of the oils. The results are mean 
numbers obtained by different observers who worked under different 
conditions. Therefore the individual numbers given under the heading 
of each oil and fat in Vol. II. Chap. XIV. should also be consulted. 
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CHAP. 


Oil. 

Class. 

Group. 

Mauraen4 
Test *0. 


Perilla .... 

Drying oils 


1271 


Linseed 



110-126 


Stillingia 



136-5 


Cedar nut . 



98 


Garden rocket 



126 


Hemp seed . 



97* 


Walnut, Nut 



101-103 


Satllow'cr 



120 


Soya bean . 



88-; 91-21 


Poppy seed . 



88 


Millet seed . 



67*6 


Niger seed , 



81*5 


Sunflower 



72 


Fir seed 



98-6 


Pine nut 



71 


Madia .... 



97 


Tobacco seed 



100 


Isauo .... 



116 


Mohamba 



55 


Camclinc 

Somi-drying 

Cotton seed 

82-117 


Grape seed . 

oiks 

oil group 

53-82 


Maize [corn] . 



81-86 


Beech nut . 



64 


Kapok .... 



95 


Cotton seed . 



75-90 


Se.same . 



65-5 


Myrtle seed . 



39 ('0 


Zachun 



75-5 


Brazil nut 



51 


Curcas, purging nut 



65-66 


Garden cress 


Rape oil 

92-95 


Ravison 


group 

65»7 6 


Rape (colza) . 



55-64 


Black mustard 



43 


White mustard 



44-49 


Radish seed . 



51 


Jamba .... 



52 


Small fennel 

Non-drying 


89 


Quince .... 

oiks 

* 

73 


Cherry kernel 



45 


Cherry laurel 



44-5 


Apricot kernel 



42-46 


Plum kernel . 



41-7 


Peach kernel 



42-5 


Almond 



.52-5 


Sanguinella . 



52 


Acorn .... 



60 


Californian nutmeg 



77 


Arachis 



4.5-51 


Rico .... 



66-7 


Pistachio 



44-7-55 



1 K. Wiliscli, Jnaug. Diss., Augsburg, 1912. I’he oil was mixed with 70 per cent of 
paraffin oil (see footnote, p 483) and treated with a 92*5 per cent sulphuric acid. 

C, Oettinger and F. Buchta, Zeit, f. anijeio. Chevi., 1911, 828. 
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Oil. 

Class. 

Group. 

Mauinen6 
Tost. ”C. 


Haze] nut , 

• . . . 

Stall’ tree 

Olive .... 
Co Hoc liei ry . 

Stci'culia. . ‘ . 

Canari .... 

Non-drying 

oils 


Sf> 

69 

77 

41-5-4.5 

54 

158 

59 


Castor . , , . 


(.astor oil 
group 

46-47 


Menhaden . 



Marino 
animal oils 

Fish oils 

126 


Cod liver 


Liver oils 

118-116 


Seal 

Whale . . . ; 

I’orpoise, body oil . 


Blubber oils 

92 

92 

50 


Shccp’.s foot . 

Ilorscs’ foot . 

Xnat’s foot . 

Terre.strial 
animal oils 


40-5 

..8 

47-58 

- ... 


Oil or Fat. 

f’l.iss. 

Group. 

Mailmen^ 

Te.st. 

“C. 


Laurel .... 
Njave .... 

Vegetable fats 


115-6 

55 

39 


Nutmeg butter 

Myristiea 

group 

Horse fat 

Lard .... 

Animal fats 

Semi-drying 

Non-drying 

46-51 

24-41 


Waxo.s. 




Si>(*ci!lc Temp. 
Kcaction. 

Sperm oil . 

Arctic sperm oil . 

Lhpiid waxes 


51 

41-47 

100 

93 


Undoiilitcdly, there exists a correlation between the rise of tem- 
perature in Maumenes test and tlic iodine value of an oil ; the higher 
the rise of temperature, the higher is the iodine number (cp. Vol? 11. 
Chap. XIV. under “ Olive Oil ”). However, this correlation cannot 

bo expressed by a constant factor, such as ^?^“^. Test 

Maumene test’ 

and Mitchell ^ derived from 9 observations (made by one and the same 

’ Analyst, 1895, 147. 

2 I 


VOL. I 
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observer) on lards, the factor 1*748 ; from 10 observations on olive 
oils, 2*1837 ; and from 203 observations on olive oils, 2*314. Even 
on applying the last factor to other oils examined by the same observers, 
discordant results were obtained. 

An exception to the general rule that the iodine value rises in direct 
proportion with the Maumene test is afforded by sterculia oil (Vol. II. 
Chap. XIV.), which has an iodine value of 76-6, whereas 158“ C. is 
recorded as its Maumene test. This exceptional behaviour would seem 
to be explained by the fact that sterculia oil forms a solid substance 
on heating (although castor oil, which simulates sterculia oil in its 
low iodine value and the property of forming a polymerised oil, docs 
not show a higher rise in temperature than 67° C.). 


Oils exhibiting a very marked rise of temperature should be diluted 
with a measured quantity of olive oil {Maumene ^). Bishop " recom- 
mends mineral oil for the same purpose, and calculates, from the 
observed rise of temperature, the rise of temperature which the original 
oil would show in the following manner (which, howevm-, is not quite 
correct) Let 67° C. be the rise of temperature obtained with 10 grms. 
of cod liver oil, 10 grms. of mineral oil, and 20 grms. of sulphuric acid ; 
if the rise of temperature of the mineral oil alone be 14° C., then the 
figure for cod liver oil would be 2(67 - 14) == 106° C. {Bi^ho})). 

Bishop obtained in this manner the following results ; — 


Kiml of Oil, 


llise of Toiiiperat.uro. 
(.■alciilafcfl. 

■’ C. 


Cod liver, white ..... 

„ „ pale ..... 

„ „ brown ..... 

Arachis ...... 

Mixture consisting of 80 i)arts of cod liver oil, pale, 
and of 20 ])arts of arachis oil . . . .1 

Mineral oil . 


100 
102 
102' 5 
GO 

97 

14 


BUis ^ also recommended mineral oil as a diluent. Having found 
that no concordant results were obtained when the maximum tem- 
perature was much over 60° C. (since above that temperature further 
reactions set in between sulphuric acid ana the oil, cp. Chap. II.), 
Ellis considers it necessary to dilute each oil, if required, with mineral 
oil in such proportions that the highest temperature attained is below 
60° C. For his mode of calculation and his results the original paper 
must be consulted. 

Tortelli, however, has shown that errors are introduced by using 
mineral oils as diluents, and insists strongly on the exclusive use of 
olive oil.^ He further points out that the amount of olive oil added as 
a diluent must be so adjusted that the final temperature should not 
exceed 90° C. The apparatus which Tortelli uses is described below. 

^ Cp. also Suzzi, Boll. Chim. Farm., 1905 (44), 301, 

2 Journ. Phann. Chem. 20, 302. ^ Jourji. Soc. Ghem. Ind., 1886, 160, 361, 

* Chem. Zeit., 1909, 126. Cp. also W. H. Uoyiiton and H. C. Sherman, School of 
Mima (^larterly, 1910, 64. 
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The following example may illustrate the manner in which the thermal 
number is calculated. Let 43-7° C. be the rise of temperature obtained 
with an olive oil, and let 63-4° be the rise of temperature observed on 
examining a mixture consisting of one volume of cameline oil and two 
volumes of the above olive oil ^ ; then the thermal value of the camelino 
oil is (63-4-'^^^^ x3-102df C. 

Jean‘s determines the heat evolved in Maumenea test in a special 
apparatus, styled by him “ Thermeheonieter.” 

(Fig. 40) consists of a small vessel. A, 4 cm. wide 
and 6 cm. high, graduated for the reception of 15 
c.c. of oil, and of the acid holder B. The latter 
is fitted with a hollow glass-stopper C, to wliich 
is attacJied the india-rubber tube R. The neck of 
the acid liolder is fastened to a clamp, to which a 
thermometer is fixed.^ 

The mode of operating is as follows : 15 c.c. of 
oil, previously warmed to about 40° to 50° C., are 
placed in A, and 5 c.c. of concentrated sulphurh; 
acid of specific gravity 1-819 are introduced into 
B. Vessel B is then placed in A, and the afiparatus 
allowed to cool to 30° C., the thermometer being 
* used to stir the oil occasionally. To prevent 
further cooling, A is placed in the felt-lined brass 
case E. The acid is then forced out of B through 
the small syplion-tube into A by blowing through 
R, and the mixture of oil and acid well stirred 
until tlie maximum temperature is reached. 

Drying oils should previously be mixed with 5 c.c. of mineral oil. 

Oils containing notable ])ro]jortions of free fatty acids must bo 
treated with alcohol before testing ; a still better plan is to prepare 
the fatty acids and test the latter. Jean obtained the following results 
with his “ thermeheometer ” : — 


This apparatus 



Fig. 40. 



Ui.se of Trinpcratuni of tlie 

Kind of Oil* 

Niuitnl Oil. 

Fatty Acid.s, 


•c. 

-c. 

Linseed .... 

61 

109 

Colza, French . 

37 

44 

Colza, Indian . 

37 

40 

Olivo .... 

41-5 

‘ 45 


1 K. Wiliscli states, liowcver, tliat it is best to mix oils giving n strong lieat reaction 
with 70 i)cr cent of paraliin oil, iising a 92>5 per cent sulphuric acid. Tims he obtained 
a maximum rise of temperature. The paralfin oil wa.s the G'erman official “ paraffinum 
liquidiim ” (of 0-880 specilie gravity) wliich gave no rise of temperature with concentrated 
sulphuric acid, 

^ Journ. ^ioc, Chem. Jnd,, 1890, 1139, 

“ Another apparatus, olfering no .special feature, was described by Wiley (cp. Wiley, 
lard and Lard Adnlterations, Washington, 1889). 
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The numbers obtained by Jean are not, of course, directly com- 
parable with those given in the foregoing table. 

Tortelli ^ proposes another apparatus for determining the Maumene 
number. This apparatus — “ thcrmoleometcr ” — consists of a glass 
vessel surrounded with a Dewar vacuum- jacketed tube (see p. 490). 
The thermometer carries near its bulb two pairs of screw paddles (cp. 
also Fig. 40), which assist in producing tlie thorough intermixture of 
acid and oil. The sulphuric acid used has the specific gravity 1-8413 
at 15° C. Tortelli is of the opinion that the indication furnished by 
his thermolcometer renders unnecessary the determination of the 
iodine value of olive oils, it merely being rc(piircd to multiply the rise 
of temperature, in degrees centigrade, by 1-83. 

The factor 1-83 must, however, not be used for other oils. For 
non-drying oils having iodine values from 80 to 90, Tortelli finds the 
factor 1-82 ; for semi-drying oils, of the iodine values from 100 to 110, 
the factor 1-6 (the actual factor fluctuating between 1-65 and 1-55) ; 
for drying oils, of iodine values 125 to 185, the factor 1-48 (the actual 
num])ers varying between 1-55 and 1-40), Tortelli is of the opinion 
that tlie iodine values as calculated from the thermal values with the 
aid of these factors are sufficiently accurate for practical purposes. 
The author, on the contrary, is strongly of the oj)inion that it would be 
a mistake to substitute the thermal test for the direct determination of 
the iodine value.^ For on the one hand the actual deviations from 
the scvei-al factors as given by Tortelli are too numerous and also too 
great (thus in the case of castor oil the factor is 1-15, and in the case of 
cotton seed oil 1-40) ; and on the other hand the analyst must find 
himself at a loss as to which factor should be applied, if an unknown oil 
be under examination. In the latter event he would after all be forced 
to determine first the iodine value. 

In the case of solid fats it is inconvenient to bring the sulphuric 
acid and the fats to the same temperature before commencing the test. 
Tortelli obviates this inconvenience by calculating from the specific 
heats of the fat and of the acid that temperature at which the two 
reacting substances have the same temperature. The formula which 
Tortdli gives is based upon the specific heat of olive oil as ascertained 
by Re^nauU, viz. 0-445. For the values obtained by Tortelli in the case 
of a large number of fats, the reader must be referred to the original 
paper. It need only be pointed out that the factors for converting 
them into iodine values vary in the case of solid fats in a much more 
capricious manner than they do in the case of oils. Thus in the case 
of vegetable fats the factors vary from 1-67 (for palm oil) to 0-67 (for 
palm-kernel oil) and even to 0-33 (for cocoa nut oil) ; and in the case 
of animal fats from 1-53 (for lard) to 1-04 (for butter fat). 

Marcille^ recommends to weigh the oil, instead of measuring it, 
and proposes 18 grms. as a suitable quantity. 

Exposure to light and air with its concomitant oxidation increases 

^ Boll. Chivi. Farm. Fasc. 6, March 1904 ; Chem. Zeit., 1909, 125, 134 ; Gazz. 
Chim., 1909 (ii.), 71. 

^ Cp. Lewkowitsch, Jakrhuch der Che^n., 1904 (xiv.), 438. 

^ AiiTuil, des Falsijic., 1909 (2), 230. 
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the temperature reaction. Thus ArcJibutt records for a sample of 
olive oil, which, kept in the dark, gave a Maumene test of 41-5'^ C., 
the higher figure 52-5° C. after exposure. 

This fact is brought out more prominently by Ballaniijne’s observa- 
tions : — 


Kind of OIL 

Rise of Toini>eratHre. 

Original Oil. 

”C. 

After Exposure. 
*C. 

Olivo 

44 

87 

Castor ..... 

73 

78-5 

Kapo 

61-5 

72*5 

Cottun seed .... 

75-5 

100 

Arachis ..... 

73-5 

90 

Liusecd 

113*5 

131 


Tt should be noted that tlic reverse holds good for the iodine absorp- 
tion numbers. 

Thomson aud Ballanljfve ^ proposed to refer the rise of temperature 
obtained witli 50 grms. of oil and 10 c.c. of sulphuric acid to the rise of 
temperature which 50 grms. of water give under exactly the same condi- 

. , ^ . Kise of temperature with oil 

tions in tiio same vessel. Die quotient fi 

^ Kise ot temperature with water 

is termed by them “ specific temperature reaction ” ; it expresses, 
therefore, the rise of temperature compared with water as unity. In 
the following table the results are multiplied by 100 in order to dispense 
with decimals. By recording the results in this manner the discrepancies 
obtained on testing with sulphuric acids of varying strengths are, of 
course, considerably reduced, as will be seen from the following table : — 



Sulphuric Acid of 

1)5 •■i per cent. 

Siilpliiiric. Acid of 
DO’S per cout. 

Sulphuric Acid of 

DO per cent. 

Kind ofOU. 

Ui.ie ill 

Specif) I! 

Rise in 

specific 

Rise in 

Specific 


Teiiijieni- 

l oin peril- 

Teniiwra- 

Toinpera. 

Tempera- 

Teiti peril- 


tore. 

, lure 

turo. 

turo 

tnre. 

lure 


•G. 

Keaetion. 

'G. 

Roiiction. 

•c. 

Reaction. 

Olive 

36-5 

95 

39*4 

95 

44-8 

96 

Olive 



39 

94 

43-8 

94 

Rape 

49 

127 



58 

124 

Castor 

34 

88 

37 

89 



Linseed 

104-5 

270 



125*2 

269 

Water 

38*6 

100 

41-4 

100 

46*5 

i 

100 


The following specific temperature reactions arc given by Thomson 
and his collaborators, and by Jenkins : ^ — 


^ Jourii. Soc. Chem. 1891, 234. 


2 Ibid., 1897, 194. 
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Kind of Oil. 

Specific Teiiiperaturo 
Ileactiou. 
Waters 100. 

Thotiisoti 

b«ti. 

tyno. 

Class of Oil. 

Linseed, Baltic .... 

,, East India .... 

,, River Plate 

,, raw 

Japanese wood 

349 

320 

320 

313 

330 

Drying oils 

Menhaden 

30C 


Fish oils 

Cod liver, medicinal . 

,, Scotch .... 

,, Newfoundland . 

Ling Liver 

Coal lish liver 

Whiting 

Haddock 

Skate 

272 

246 

248 

232^ 

257^ 

317> 

300» 

3221 


Liver oils 

Seal 

,, tinged 

,, cold drawn, p:de 
,, Norwegian .... 

,, steamed, pale .... 

Whale, pale 

229 

225 

223 

212 

157 

278 

Blubber oils 

Cotton seed, refined Egyjdian . 

,, crude Egyptian . 

Ravison rape 

Rape 

170 

169 

163 

144 

135 

133 

]’27 

125 

162 

1.30 

Scini-drying oils 

Castor, commercial .... 

89 

105 


Sperm, .southern .... 

Arctic .s})erm (Bottlenose) 

100 

93 

103 

Li(][uid waxes 

Arachis, commercial 

,, French, refined . 

Olive, Malaga 

,, Mogador .... 

,, Mytileno .... 

,, Syrian 

,, Candia 

,, Gioja 

,, commercial .... 

137 

105 

94 

93 

93 

93 

92 

89 

92 

94 

Non-drying oils 

Neat's foot 


87 

Animal oils 

Linseed, boiled .... 

Blown cotton seed .... 
Blown rajie 


248 

164 

163 

Manufactured oils 


* Tliomson and Dunlop. 
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The above-given values have been placed by the author in the order 
of their magnitude ; as was to be expected, the different classes of oils 
arrange themselves in the same order as in the table given afiove. It 
should be pointed out that Tortelli ^ reject’s Thomson's method. 


The Maumene test and its modifications have been described here 
in full detail, as this process has been largely used in this country, in 
Franco, and in the United States. It still seems to have a certain 
fascination for some workers, for even up to the present time experi- 
ments are being carried out in this direction. Thus Mitchell^ has 
tried to instil new life into this test by an extended experimental 
inquiry into the behaviour of glycerides and their fatty acids with 
concentrated sulphuric acid, carbon tetrachloride being used as a 
diluent. Furthermore, Sherman, Danziger, and Kohnstamm^ as also 
E. Richter,^ and especially Tortelli^ and Wilisch,^ published extensive 
tables, paying especial attention to the influence of diluents and to the 
effect of strength of acid. But since, in the author’s opinion, the 
information derived from this test is incommensurate with the labour 
involved, and since much more definite information can be obtained 
by the application of the “ quantitative reactions,” it is considered 
unnecessary to tabulacc the results. 

In the majority of cases the analyst can very well dispense with 
this test altogether. Since Wijs' modification of the Hiihl test permits 
to ascertain the iodine value in a very short time, tlie Maumene test 
has lost almost entirely its importance. It will, thei’efore, only be used 
in rare cases, when the ” quantitative reactions ” fail to give a satis- 
factory and unambiguous answer. 

Thus adulterations practised on olive oil can be detected with 
comparative ease, as olive oil exhibits the lowest rise in temperature 
excepting the animal oils. It may also offer some slight advantage 
in the examination of linseed oil for its drying power (cp. also Vol. II. 
Chap. XIV. “ Lard ”), and perhaps also in the testing of liquid un- 
saponifiablo matter with a view to differentiating mineral, losin, and 
tar oils. But in all these cases it is absolutely necessary to follow 
Archhutt's plan, i.e. every observer must construct a table for him- 
self, using oils and f^ts of known purity, and whenever a sample 
is tested compare the results with those furnished by the standard 
sample. 

Attempts to derive the composition of a mixture of oils from the 
Maumene test lead to entirely erroneous results.^ 

More reliable results, which can moreover be obtained in a much 
shorter space of time than by Maumene' s method and its modifications, 
are furnished by the Heat of Bromination Test (cp. p. 490). 

J Chm. ZeiL, 1905, 532 ; 1909, 135. ^ Analyst, 1901, 169. 

3 Jmni. Amer. Chem. Stic., 1902, 266. * Zeits. /. anyew. Chem., 1907, 1613. 

® Chem. Zeit., 1909, 134, 171, 184. ® limy. JHss., Augsburg, 1912. 

Cp. W. H. Iloyuton ftud H. C. Bherniau, School of Mines Quarterly, 1910, 64. 
J. J. Kessler and J. K. Matliiason, Journ. hid. Eng. Chem., 1911 (3), 66. 
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• {b) Thermal Reaction with Sulphur Chloride 

Fawsitt ^ proposed to measure the heat evolved by tlie action of 
sulphur chloride on various oils, with a view to discriminating between 
drying and non-drying oils, after the manner of Maumene’s test. Since, 
however, this procedure offers no advantage over Maumemcs test, or 
the Heal of Bromination Test (p. 490), it must suffice to briefly describe 
the modus operandi, and to i-ecord the values obtained in the table 
given below. 

Thirty grams of the sample are weighed in a small beaker ; this is 
then placed in a larger one, the space between the two beakers being 
packed with cotton wool. A thermometer is inserted into the oil, 
the temperature is read off, and the sulphur chloride poured in slowly, 
with constant stirring. The time is then taken, and the thermometer 
kept stationary until the mercury ceases to rise. The highest tem- 
perature and the time are noted. 

^ Journ, Soc. Chfiii. I ml., 1888 , C)F>2, 


[Table 
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Numl 

er llise 

n 

— 



Class of Oil. 

Kind of Oil. 

of c.r 

. Tern 

Time 


3 * Final Condition of Oil. 


N.jOI 

addet 

I>fru 

tine 

Itisiii 

1 ^. Miniit 

Drying oi[.s 

Linseed 

2 

3 

4 

•<;. 

57 

79 

97 

Mill. 

5 

3 

2 

'cr 

IM 

26-3 

48-7 

,Li(j[uid, viscous 
,, very viscous 
Solid, sticky 

Liver oils 

Cod liver 

2 

55 

4 

3 

3 

13-7 

Liquid, viscous 


:: :: 

4 

82 

103 

27-3 

34*3 

Solid, very sticky 
,, dry 








Blubber oils . 

Seal 

2 

45 

79 

112 

57 

71 

91 

10 

4-4 

Liquid, more viscous 


Whale 

4 

3 

4 

6 

5 

6 

3 

.13-2 

22-4 

9-4 

14-1 

30-2 

Solid, sticky 
,1 dry 

Liquid, more viscous 

M very viscous 
Solid, dry 

Semi-drying oils 

Cotton seed 

Ra]>e 

2 

3 

4 

2 

49 

64 

93 

53 

66 

89 

11 

9 

6 

10 

4*4 

7-1 

15-4 

5-3 

Liquid, more viscous 
„ viscous 

Solid, sticky 

Liquid, more viscous 


- 

4 

7 

6 

9-3 

14-8 

Solid, slightly sticky 
»>• dry 

Noii-diying oils 

Olive 

2 

3 

52 

69 

6 

87 

137 

23-5 

Liijiiid, viscous 



4 

94 

4 

,, very viscous 
Solid, dry 









Castor 

2 

56 

2 

277 

Liejuid, very viscous 

Liquid waxes . 

Sperm 

2 

37 

16 

2-3 

Liquid 



3 

4 

54 

71 

11 

8 

4-9 

8-8 

Liquid, more viscous 



5 

86 

6 

14-2 

,, very viscous 

Animal oils . 

Neat’s foot 

2 

3 

51 

66 

7 

5 

7 ’3 
13-2 

Liquid, more viscous 
,, very viscous 
Solid, sticky 

Liquid, very vi.scous 


Lard 

4 

2 

82 

40 

4 

16 

20-5 

2-4 



3 

62 

9 

6-9 

Solid, became dry on 







standing 


Oleic acid 

2 

3 

53 

74 

6 

5 

10-6 

14-9 

Liquid, viscous 


Stearic acid 

4 

99 

6 

16-5 



2 

5 ' 

7 

07 , 

Solid 


” ” 

4 

8 1 

5 

1-6 

( 

Uycerol 

1.L 

21 

7 

30 ] 

Liquid 

-- 


Initial temperature, 65° C. 
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(c) Thermal Reaction with Bromine ; Heat of Bromination Test. 

Bromine Thermal Value 

The action of bromine on oils and fats is attended with considerable 
evolution of heat. Hehier and Mitchell ^ showed that the measurement 
of the heat thus evolved leads to results furnishing more definite data 
than are obtained in the Maumene test. The following are the details 
of the method : — 

One gram of oil is placed in a Dewar vacuum- jacketed test-tube ^ 
and dissolved in 10 c.c. of chloroform (in order to moderate the action). 
Exactly 1 c.c. of bromine, measured by means of a pipette (provided 
at its upper end with a narrow tube filled with caustic lime, and having 
an asbestos plug at each end), and previously brought to the same 
temperature as the oil in the vacuum tube, is run in. The instantaneous 
rise of temperature is measured by means of a correct thermometer 
divided into fifths of a degree centigrade. 

The whole operation occupies only a few minutes. (Fatty acids 
are best dissolved in glacial acetic acid, and treated as above.) 

Hehner and Mitchell compared the numbers obtained for the rise 
of temperature of various oils and fats with the iodine numbers, in 
order to elucidate the correlation (if any) existing between these two 
values. As will be seen from the following table, the factor 5-5 serves 
to express the relation with considerable accuracy for the majority 
of the fatty substances examined by them under the particular con- 
ditions. The column headed “ Deviation ” has been added by the 
author. 

^ Analyst^ 1895, 148. 

2 Tlie oil may be weighed in the tube, suspended by me.ans of a platinum wire from the 
arm of the balance (cp. Archbutt, Journ. >Soc. Chetn. Ind., 1897, 310). In their earlier 
erperiiiients Hehner and Mitchell employed an ordinary tesl-tubt; packed into a beaker 
with cotton wool ; the results thus obtained are, wteris 2>(tf'ibu3, two degrees centigrade 
lower. 
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Oil or Fat. 

11. 

Hoat of 
Bromi- 
nalioii. 

III. 

Iodine Niimbor. 

IV. 

Deviation. 

•c. 

Experi- 

infiiit. 

Calculated 
froiti 
Column 
II. by 
multiply- 
ing by fi-S. 

Absol. 

Per cent. 

Lard, No. 1 . 



10-6 

57-15 

58-3 

+ 1-15 

+ 2-00 

w 2 . . . 



10-4 

5713 

57-2 

+ 0-07 

+ 0-12 

M 3 . . . 



11 -2 

63 11 

61-6 

-1-51 

-2-40 

„ 4 . . . 



11-2 

01-49 

61-6 

+ 0-11 

+ 0-18 

„ 5 . . . 



11-8 

64-69 

64-9 

+ 0-21 

+ 0-32 

„ 6 . . . 



11-8 

63-96 

64-9 

+ 0-94 

+ 1-50 

„ 7 . . . 



10-2 

57-15 

56-1 

-1-05 

-1-90 

„ 8 . . . 



10-4 

57-80 

57-2 

-0-00 

-1-05 

„ 9 . . . 



9-0 

50-38 

49-5 

-0-88 

-1-70 

„ 10 . . . 



11*0 

58-84 

60-5 

+ 1-66 


,, 4-10 i)er cent cotton seed oil 


11-6 

64-13 

63-8 

-0-33 

-0-52 

Lard latty acids 



10-4 

59-60 

57-2 

-2-40 

-4-20 

,, ,, . , 



11-0 

.59-15 

60-5 

+ 0’35 


Mutton fat (kidney) 



8-1 

44-48 

44-5 

+ 0-02 

+ 0-05 

,, ,, (Haro) . 



7-G 

39-70 

41-8 

+ 2-10 

4- 5-0 

Butter, No. 1 



6-6 

37-07 

36-3 

-0-77 

! -2-1 

,, No. 2 



7-0 

38-60 

38-6 

-0-10 

i -0-27 

,, fatty acids 



6-2 

36-50 

34-1 

-2-40 

-7-04 

Almond oil . 



17-6 

96-64 

90-68 

+ 0-04 

+ 0-041 

Olivo oil ... 



15-0 

80-76 

82-50 

+ 1-74 

+ 2-1 

Maize oil 



21 -5 

122-0 

118-20 

-3-80 

-3-2 

Cotton seed oil 



19-4 

107-13 

106-70 

-0-43 

-0-4 

Castor oil . . . 



1;V0 

83-77 

82-50 

-1-27 

-1-6 

Linseed oil, No. 1 . 



30*4 

100-7 

167-20 

+ 6-5 

+ 3-9 

„ „ No. 2 . 



31-3 

1.54-9 

172-00 

+ 17-1 

f lO-O 

Rape oil. No. 1 



18-4 

88-33 

101-20 

+ 12-87 

+ 12-7 

„ „ No. 2 . 



17t) 

77-2 

96-80 

+ 19-6 

+ 20-0 

Cod liver oil . 



28-0 

144-03 

140-00 

-4-03 

-2-9 

,, ,, . . 



19-0 

198-5 

104-5 

-4-00 

-3-8 

,, ,, (coninicreial) 



19-2 

105-7 

105-6 

-0-01 

-0-009 




18-9 

105-7 

103-9 

-1-8 

-1-7 


It should be distinctly unders<^ood tliat the factor 5-5 must not 
be taken as an absolute t)ne, but as depending on the partiofilar vacuum- 
tube and the modus operandi adopted by Hehner and MMell. It is 
therefore imperative that each chemist who uses this method should 
ascertain the factor applying to his individual case by determining the 
heat of bromination of a non-drying oil, the iodine value of which has 
been ascertained by HuhVs (or Wijs*) method. 

Thus Jenkins ^ obtained the factor 5-7 ; Archbutt ^ found it to vary 
in the case of tallow, olive oil, rape oil, and linseed oil from 5*7 to 6-2. 
In the latter case the variation may be partly due to the fact that the 
weight of substance taken was not the same in every instance. 

Notwithstanding the considerable differences which linseed and 


^ Jontn. Soc. Chem. I ml., 1S97, 194. 

“ Jbid,, 1897, 310. Cp. also Wilson, Chem. Neios, 1896, 27. 
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rape oils show, Hehner and Mitchell thought that the determination of 
the iodine number by IliibVs method might be replaced by that of the 
heat of bromination. They even went so far as to express the opinion 
that the calculated iodine values of the examined linseed and rape oils 
are more correct than those found by HiihVs method. In the author’s 
opinion this is tantamount to begging the question, for a much larger 
number of experiments is required to substantiate such far-reaching 
conclusions. This is all the more necessary as serious deviations have 
been stated by Jenkins for tung oil and for “ blown oils.” 

On account of the exceeding simpbcity of this test, and the rapidity 
of its execution, the heat of bromination test may prove a useful 
auxiliary test, especially where a largo number of specimens of the same 
kind have to be examined in a short time. It will be no less useful as 
a sorting test {llehner), in so far as it affords rapid information as to 
the class to which an oil belongs. Its great rapidity being one of the 
chief recommendations in favour of using the test, Wiley^s ^ modification 
(a chloroformic solution of bromine) would seem to complicate matters, 
all the more so as a lowering of temperature takes place when bromine 
is dissolved in cldoroforin. The latter fact has already led to the 
suggestion to substitute carbon tetrachloride for chloroform. In the 
case of oils giving a violent reaction (linseed oil), Archbutl^ .suggests 
to work with 0-5 grm. of oil, and to multiply the result by 2, and in the 
case of solid fate, which develop but little heat, to take 2 grms., and 
divide the result by 2. 

Kecently A. Heiduschka and E. Rheinberger ^ published a study on 
the bromine-thermal test, wherein they describe a special apparatus. 
They also worked with diflereiit solvents and confirmed that chloroform 
is the most suitable solvent. 

Since the introduction of Wijs’ modification of the Ililbl test, 
hardly more time is recjuired for the determination of the iodine value 
than the Heat of Bromination test demands. Hence the latter has 
fallen into desuetude, and may be entirely dispensed with, even in a 
works laboratory. 

The heat of bromination test has been applied by Klamrofh to the 
examination of mixtures of cholesterol-, sitosterol-, and stigmasterol- 
acetates (cp. Chap. IX. p. 597). 

6. Colour Tests 

A very large number of colour reactions have been proposed from 
time to time, and are still being proposed, for the recognition of in- 
dividual oils, 

A complete synopsis of the older methods has been given by Chateau 
in his work On FatsA The following tests, some of which are, curiously 

1 Journ. Soc. Clwm. Iml., 1896, .384. “ Ihid., 1897, 310. 

^ PJiarui. ZenLmlhalle, 1912, 303. 

* Th. Chateau, Traile onnplH dt:s Carps CroH Ituluslrids, TariH, 1863 (llanco et 
Mallet-Bachclicr). Translated into German under the title, FttU ; bcarbeilet von //. 
Hartmann. Leipzig, 1864. 
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enough, still being employed by some writers, may be mentioned in 
chronological order : — 

Faure (1839) stated that vegetable oils can be distinguisfiod from 
animal oils by gaseous chlorine ; the latter oils — with the cxce[)tion 
of foot oils from terrestrial animals — are said to become black on treat- 
ment with this reagent. Faure also employed ammonia as a general 
reagent. 

Heydenreich (1818) first applied concentrated sulphuric acid to 
the examination of oils ; his method consisted in allowing five drops 
of the oil under examination to fall on the surface of pure, concentrated 
sulphuric acid in a porcelain basin, and observing the colours developed 
in the fii’st three minutes. 

Pe}iot introduced sulphuric acid saturated with potassium bichro- 
mate as a genei'al reagent ; the colours obtained with different oils 
wore considered by him to be characteristic of these oils. 

Behrens used a mixture of ecpial parts of sulphuric and nitric acids. 

Cracc Calvert's (1851) method has for a long time been in vogue. 
He described the colour reactions observed on treating different oils 
with the following reagents; (1) caustic soda, 1-3 U) spec. grav. ; (2) 
sulphuric acid, 1-175 spec. grav. ; (3) sulphuric acid, 1-530 spec. grav. ; 
(4) sulphuric acid, 1-635 spec. grav. ; (5) nitric acid, 1-180 spec. grav. ; 
(6) nitric acid, 1-220 spec. grav. ; (7) Jiitric acid, 1-330 spec, grav., 
and subsequently caustic soda, 1 -310 spec. grav. : (8) syrupy phosphoric 
acid ; (9) a mixture of equal volumes of nitric acid, spec. grav. 1-330, 
and sulphuric acid, spec. grav. 1-315; (10) aqua regia, consisting of 
25 measures of hycb'ochloric acid and 1 measure of nitric acid, spec, 
grav. 1-330, and subsequent treatment with caustic soda. In some 
text-books Crace Calvert's results are presented in a tabular form ; for 
reasons stated below the table is omitted in this work. 

Hauchecour-Yvelot proposed hydrogen peroxide as a general j’eagent. 

Chateau, in his book On Fats, published very extensive tables, 
purporting to distinguish the oils by systematic application of the 
following reagents : («) calcium polysulphide, {h) zinc chloride, (c) 
concentrated sulj)huric acid, {<{) turning stannic-chloride, (c) syrupy 
phosphoric acid, (/) p|iosphoric acid, {g) mercui'ic nitrate, with subse- 
quent addition of sulphuric acid, (//) mercuric nitrate alone. All these 
tests must, on the whole, be considered as having no value ; hence 
they are not recorded here. 

Glaessner (1873) also propose<l a systematic examination of oils, 
using as reagents caustic potash, fuming nitric acid, and concentrated 
sulphuric acid. 

In order to avoid the rise of temperature caused by the concentrated 
sulphuric acid (see “ Maumene test,” p. 478), whereby some char- 
acteristic colour reactions become indistinct, or the oil becomes partially 
charred, Finkener dilutes the oils with carbon bisulphide, when no 
thermal reaction is stated to take place. 

All colour reactions must be used with the greatest circumspection, 
as small amounts of cholesterol, sitosterol, and, further, minute 



494 CHEMICAL METHODS OF EXAMINING OILS, FATS, ETC. chap. 


quantities of resinous or albuminoid substances, or other foreign 
matters, influence the colourations to such an extent that in most 
cases it must remain doubtful whether the reactions are really char- 
acteristic of the oils themselves. A notable example of how colour 
•reactions may become misleading is best exemplified by the fact that a 
serious mistake was made in declaring an imperfectly purified tallow as 
adulterated, because it gave with nitric acid a reddish-brown colouration 
which was judged to be due to the presence of cotton seed stearine. 

Colour reactions were formerly resorted to for lack of better methods, 
but have been superseded in the majority of cases by the “ quantitative 
reactions.” It should be borne in mind that many colour reactions 
quoted in older text-books, and perpetuated in even more modern 
treatises, were not always obtained with typical samples, little or no 
regard having been paid to their source, their mode of purification, their 
age, and all that host of circumstances which have a vital influence on 
the colour produced by the reagents. In consequence of progress 
made in the technical preparation of oils and fats, a large number of 
impurities, which were actually the very substances that gave origin 
to the colours supposerl to be characteristic of the oils or fats, have 
ceased to occur in commercial samples. 

A colour reaction can only then be considered of some value if it be 
produced by a well-defined substance, occurring naturally in an oil or 
fat, and characteristic of it to such an extent that the sample may be 
identified by that reaction. Obviously, these characteristic substances 
which only occur in minute quantities should not be easily removable 
in the course of the usual manufacturing processes. 

As a type of a most valuable reaction of this kind I refer to 
Baiidoiiin's test, originally proposed by Catnom, for sesame oil, which 
has found its scientific explanation and confirmation in the isolation 
of the chromogenetic substance in that oil (cp. Vol. II. Chap. XIV. 
“ Sesame Oil ”). But even in this case great care is required to guard 
against errors ^ that may be caused by similar colour reactions such 
as are given by certain Tunisian olive oils (cp. Vol. II. Chap. XIV. 
“ Olivo Oil ”), and by certain colouring matters which are added to 
margarines (cp. Vol. IT. Chap. XIV. “ Sesame Oil,” “ Butter Fat ”). 
The colour reaction of cholesterol and its congeners, although highly 
characteristic, requires much more circumspection in its interpretation, 
as other substances also give the same or a very similar colouration. 

Group reagents, such as are used in inorganic analysis, do not exist 
in fat analysis, and every new reagent recommended as such must bo 
received with great suspicion. 

The author 2 fully examined four of the so-called group reagents, 
viz. concentrated sulphuric acid, gaseous chlorine, syrupy phosphoric 
acid, and phospho-molybdic acid. The following conclusions were 
drawn : — 

Sulphuric Acid. — This reagent enable^, at best, with a good deal 

^ Cp. also colour reactions of some ethereal oils, R. Reich, Zeils. /. Unters. d. Nahrgs- 
u, Oenussm., 1908, xvi. 463. 

® Lewkowitsch, Journ. Soc. Chem. Jnd., 1894, 617. 
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of practice, to discriminate between drying, semi-drying, and non- 
drying oils, if the acid be applied to the oil direct. Drying oils may 
be recognised by their forming dark clots when two drops of concen- 
trated acid are stirred into twenty drops of oil. A discrimination 
between semi-drying and non-drying oils, however, is more difficult, , 
and indeed scarcely possible in every case. 

The better an oil dries, the darker is the colour produced by the acid. 
Judging from the depth of the colour it may be possible to distinguish 
between oils standing at the extreme ends of these classes, such as 
cotton seed oil and olive oil, whereas, to take an example, it is impossible 
to difierentiate, by this test alone, rape oil from cotton seed oil. The 
colour reactions obtained with a solution of an oil in carbon bisulphide 
cannot be said to yield more reliable results, the dilution tending to 
obliterate the otherwise sharp distinction between the eminently drying 
oils and tlie other oils. 

In the case of liver oils, the blue and purple colourations due to 
the presence of cholesterol and colouring principles — lipochromes— - 
are very characteristic ; they are best observed if the oil be previously 
dissolved in carbon bisulphide. The value of this test is, however, 
greatly diminished by the fact that some blubber oils show a similar 
reaction. The author formerly ascribed this to an accidental admixture 
with liver oils, which is very likely to occur on board whaling vessels, 
where all kinds of fatty material obtained during a voyage ere mixed 
together. Thomson and Dunlop, however, observed in the case of one 
specimen of seal oil and of one specimen of porpoise oil, both of un- 
doubted genuineness, the characteristic colour reaction of liver oils (see 
Vol. II. Chap. XIV. “ Liver Oils ”) ; yet the author was unable to 
obtain such an exceptional colour reaction with a very large number of 
seal oils the purity of which there was no reason to doubt. It should 
also be borne in mind that with the setting in of rancidity the chromo- 
genetic substances are frequently destroyed. 

Chlorine gas is by no means a group reagent for marine animal oils. 
The black colour which is obtained with chlorine depends entirely on 
the state of purity and rancidity of the oils. Hence even vegetable 
oils or terrestrial animal oils may furnish stronger colourations than 
pure liver oils. ^ 

Phosphoric acid indicates only impurities that can be eliminated by 
refining, or products of oxidation formed after rancidity has set in. 

Phospho-molyhdic This reagent was proposed by Wehuins,^ 

and has met with more attention than the results obtained with it 
deserve. The test is performed as follows : — 1 grm. (or 25 drops) of an 
oil or fat is dissolved in 5 c.c. of chloroform in a test-tube, and agitated 
with 2 c.c. of a freshly-prepared solution of phospho-molybdic acid,^ 

' Jonrn. S(m:. Cham, Ind., 1892, .*>48. 

2 The reagent is prepared by precipitating a solution of aniinonium molybdate with 
sodium phosphale, washing tlie precipitate thoroughly and dissolving it in a warm solu- 
tion of sodium carbonate. The solution is boiled <lown to dryness and the residue 
heated. If the i;psiilue boooraes coloured blue, ad<l a few drops of nitric acid and heat 
again. Tlien boil the residue with water, add nitric acid until strongly acid, and dilute 
so as to obtain a ten per cent solution. Filter if necessary, and keep the reagent pro- 
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or of sodium phospho-molybdate and a few drops of nitric acid. After 
standing for a short time the chloroformic layer becomes colourless, 
whereas the upper layer shows, in the case of a vegetable oil and of cod 
liver oil, according to Welmans, a green colour. On adding ammonia 
or a fixed alkali a beautiful blue colour appears, the intensity of which 
corresponds to that of the green tint noticed before. Animal fats — 
with the above-mentioned exception of cod liver oil — were stated to 
cause no reduction, and consccpiently to produce no green with subse- 
quent blue colouration. 

The green colour is due, according to Welmavst^ to a mixture of 
the yellow reagent with the blue reduction product. If the yellow 
colour be taken away by adding ammonia, blue remains. 

The author’s experiments,^ however, demonstrated that such a dis- 
tinction cannot be upheld. Several kinds of olive oil, as also almond, 
arachis, and peach oils, showed far less distinct colours than tallow 
oil, and even lard oil. Amongst the large number of oils and fats 
of undoubted genuineness, and belonging to all {-lasses of oils and fats, 
e.xamined by the author, only pure, freshly rendered lard left the 
phospho-molybdic acid unreduced, so that it remained colourless on 
being su})ersaturated with ammonia. But a slightly rancid lard 
behaved almost like a vegetable oil in WclmiWfi' test. As Wclmam' 
reaction was prescribed otlicially in Germany (up to 1908) as a test 
for the rapid detection of vegetable oils and fats in animal oils and fats, 
the author wishes to emphasise that this test breaks down completely 
in the case of vegetable oils which have been refined with sulphuric acid. 
Vegetable oils arc also apt to lose in course of time the property of 
giving the Welmaiu reactmn. This is, of course, due to fhe chromo- 
genetic substance in the oils becoming changed under the influence of 
light. Moreover, mineral oils and rosin oils give deep colourations. 
The phospho-molybdic acid test can, therefore, at best only rank 
amongst preliminary tests. 

Bellieys reagent is now prescribed oflrcially in Germany, in place 
of Welmans’, for the detection of vegetable oils in lai'd. Acc^ording to 
the official directions 5 c.c. of (melted and filtered) lard are shaken 
vigorously, at a temperature not exceeding 35° C., with 5 c.c. of colour- 
less nitric acid of specific gravity of 1-4 and 5 c.c. of a saturated solution 
of resorcinol in benzene in a thick-walled glass-stoppered test-tube for 
5 seconds. If during the shaking or within 5 seconds after the shaking 
a red, or violet, or green colour appears, the presence of vegetable 
oils is assumed. If after the lapse of 5 seconds the colour appears, 
it is disregarded. It is obvious that any reducing substance present 
will produce a colour owing to a reducing action taking place and need 
not necessarily indicate a vegetable oil. Thus J. Royer ^ has shown 

tected from dust. A moditioation of th»“ Wi-lniiins’ reagent is Serger’a reagent (0-1 grin, 
of sodium moly))date di.s.solved in 10 c.c. of com^entrated sulphuric acid) ; cp. Ut/., Chem. 
Revile, 1912, 128. • 

^ ^eils. f. offeiUl. Chem. 6, 127. 

2 Lewkowitsch, Journ. *8oc. Chem: Jinl., 1894, 1619. 

3 Annal. des Falsific., 1910, 380 ; cp. also A. Olig and E, lirust, /ieits. f. Unters. 
d. Nahrga- u, Oenussm., 1909, xvii. 061. 
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that while cold pressed poppy seed oil does not give a colouration 
with Bellier's reagent, the “second,” hot pressed oil gives a distinct 
colouration. 

Unfortunately the tendency to ascribe decisive importance to 
colour reactions has been on the increase during recent years, and 
a very large number of papers have been published attempting to 
attribute an entirely unwarranted meaning to colour reactions.^ Thus, 
to give an example, the Liehermann-Slorcli reaction (see p. 610) and a 
reaction with trichloroacetic acid have been interpreted to point to the 
oceurrence of cholesterol in crude petroleums, ^ in beeswax, etc., witliout 
any further facts being adduced to substantiate such far-reaching 
conclusions. Latterly Halphen ^ attempted to base a classification of 
oils and fats on colour reactions. 

In the opinion of the author all these endeavours, if hastily ex- 
panded into generalisations, without carefully considering all possible 
causes that may defeat the colour tests (su(4i as traces of decolourising 
agents left in the oils and fats), must lead to failure and confusion ; 
hence a full digest of, or even full reference * to these papers is omitted 
here. 

Those colour reactions whi(“-li have been useful in special cases for 
the identification of an oil or for the detection of an adulterant will be 
exhaustively dealt with in Volume JI. Chapter XIV. when treating 
of the distinctive properties of the individual natural oils and fats. 
It may, therefore, suflice here to enumerate them briefly : 

(1) Bamlouins {Camoin's) test for .sesame oil (see Vol. II. “ Sesame 
Oil ”). 

(2) Halphen's colour test for cotton seed oil, kapok oil, and baobab 
oil (see Vol. II. “ Cotton Seed Oil ”). 

(3) Becchi’s colour test for cotton seed oil ; although less reliable 
than Halphen's test, it is still largely used in France and Italy (.see 
Vol. II. “ Cotton Seed Oil ”). 

(4) Nitric Acid test for cotton seed oil (.see Vol. II. Chap. XIV. 
“ Cotton Seed Oil ”). 

(5) Sulphuric- Acid test for liver oils (see Vol. II. Chap. XIV. 
“ Liver Oils ”). 

(6) Liebermann-Storch test for rosin, see Chap. X. 

It must, however, be emphasized again that even these colour 
reactions depend on the presence of foreign substances, and that with 
their removal or chemical change in their compo.sition the colour 
reactions cease to be operative. Thus, when cod liver oil and cotton 
seed oil, to take the two most })rominent oils containing characteristic 
chromogenetic substances, are subjected to the catalytic process of 

* Cp. Th. Mer], Zeils. f. Unters. d. Nahr^js- u. Genussm.y 1908, .\v. 529. 

2 Cp. Vol. III. Chap. XVI. 

■'* Atti del VI. Contjreis. Internazionale, 1907, vol. v. p. 630. 

■* Colour test.s arc even beiug proposed for the qualitative detection of mineral oil 
(F. Schulz, Ghem. Zeit., 1908, d-lS ; cp. Cliaritschkolf, Ghein. Revue, 1908, 315). 

VOL. I 2 K 
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hydrogenation (see Chap. I. p. 69, Vol. III. Chap. XV. “ Hydrogenised 
Fats ”), the treated products no longer exhibit the characteristic 
colour reactions mentioned above. 

Hydrogenised sesame oil behaves somewhat capriciously in the 
colour test, some specimens retaining the chromogenetic substance 
unchanged, wliereas others no longer give the Baudouin reaction. 



CHAPTER VJIT 


EXAMINATION OF MIXED FATTY ACIDS 

If the quantitative and qualitative reactions described in the two 
preceding chapters liave not led to suilicient information, and hence 
it becomes desirable to gain further insight into the composition of the 
individual esters — glyceildes in the case of oils and fats, or esters 
of monohydi'ic alcohols in the case of waxes — the necessity arises to 
examine the mixed fatti/ acids. The problem is somewhat sijnpler 
in the case of glycerides than where waxes are concci’ned, as the basic 
constituent of all the glycerideS'— glycerol — can be easily removed 
after saponification has been caiTied out. A complication arises if 
we have to take into acccunt a notable amount of soluble fatty acids, 
the presence of which is indicated by a high saponification value 
(exceeding 200) and a high Reichert-Mcissl value (exceeding 2) of the 
sample. Such a case will be specially considered under Section B of 
this chapter. 

The mixed insoluble fatty acids of fats and waxes are prepared 
according to the directions given (Chap, III. p. 110). Oils and fats 
contain small amounts of unsaponifiable matter, as has been explained 
already (cp. also below, p. 581). If the unsaponifiable matter does 
not exceed 0-5 per cent or, at most, 1 per cent, it may, as a rule, be 
neglected ; otherwise the unsaponifiable matter must be separated 
from the soap solutioji before the fatty acids are isolated. 

This is imperative in the case of waxes, the alcoholic constituents 
of which form about 50 per cent of the total mass. 

The separation of the unsaponifiable substances from the fatty 
acids is effected in the manner described in Chapter VI. under 
“ Unsaponifiable Matter.” 

In the following sections an attempt is made to describe, in a 
systematic manner, the methods applicable to the examination of the 
isolated fatty acids, following, as far as possible, the order adopted 
in Chapters V. and VI. On the whole, the physical methods of examina- 
tion aft’ord similar information to that obtained in the case of the fats 
and waxes themselves ; still, in some special cases additional indications 
are furnished which may be of great assistance in the examination. 
Most of the chemical methods admit of the quantitative or, at least, 
approximate estimation of the several constituents. 

499 
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A. PHYSICAL METHODS 
Specific Gravity 

The specific gi*avity of the mixed fatty acids hardly affords more 
detailed information than is obtained by the examination of the corre- 
sponding oils and fats themselves. It is, therefore, considered nn- 
nceessary to collate in a table the published specific gravities of the 
mixed fatty acids. The numbers will be found in the tables of physical 
and chemical characteristics of the fatty acids of the oils and fats 
described in Vol. 11. Chap. XIV. 


Melting. and Solidifying Points 

The mdtim) foints of fatty acids are much more characteristic 
than those of the corresponding oils and fats ; nevertheless, they do 
not afford information of such discriminative value as is obtained by 
the determination of the solidifying point. Hence it is not considered 
necessary to collate in a table the melting points of the mixed fatty 
acids, and the reader is referred to the detailed indications given for 
each individual product in Vol. II. Chap. XIV. under the headings 
“ Physical and Chemical Characteristics of the Insoluble Fatty Acids.’’ 

The determination of the melting point is usually carried out in a 
capillary tube (Chap. V.). In the case of high melting fatty acids, such 
as tetrabromides, hcxabroniides, and octobromides of the fatty acids, 
it is convenient to insert the capillary tube (fastened to the thermo- 
meter in a suitable manner) in a small distilling flask, half filled with 
concentrated sulphuric acid or glycerin. Any vapours distilling over 
can be condensed and collected. 

Much more characteristic than the melting point is the solidijyhig 
point of the fatty acids. If observed under strictly comparable condi- 
tions, valuable information of a discriminative nature can thus be 
obtained even on using the mixed fatty acids as they result on saponi- 
fication, or, if need be, after elimination of ^\e unsaponifiable matter. 

Dalican proposed a method for the determination of the solidifying 
point of the insoluble mixed fatty acids, which has been adopted in 
this country, in the United States, and in France for the commercial 
examination and valuation of fats. It is known under the name of 
“ Titer Test,” and gives, as the author can testify from his own experi- 
ence, reliable and, as shown by repeated observations, constant results, 
provided the test be made carefully, according to the following details. 
(The number ascertained as the solidifying point is not a physical 
constant, as it depends on the rate of cooling of a definite quantity 
examined under certain conditions. ) 50 grins, of the fat under examina- 
tion are saponified (cp. p. 109), the separated fatty acids are freed from 
water and finally filtered through a dry plaited filter into a small 
porcelain dish. The fatty acids are allowed to solidify and to stand 
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over night under a desiccator. The fatty substance is carefully melted 
in an air-bath or over a free flame, and as much of it is poured into a 
test-tube, 10 cm. long and 3-5 cm. wide, as will fill the tube more than 
half full. The tube is then fastened by means of a cork into a wide- 
mouthed bottle, 10 cm. wide and 13 cm. high, and an accurate thermo- 
rhetcr (graduated in tenths of degrees from about - 5"^ C. to 60"^ C., 
having a mercury bulb about 3 cm. long and 6 mm. in diameter, and 
carefully standardised with the aid of a “normal thermometer”) is 
inserted in the fatty acids, so that the bulb is in the centre of the mass. 
When a few crystals appear at the bottom of the tube, the mass is 
stirred ))y giving the thermometer a rotary movement, first three times 
from right to left, and then three times from left to riglit. Next stir 
continually, with a quick circular movement of the thermometer, 
without allowing it to touch the sides of the vessel, and taking care that 
all solidified portions, as they form, arc well stirred into the mass until 
the latter has become cloudy throughout. The thermometer should 
now be observed carefully. A good plan is to write down the tempera- 
ture at short intervals. At first the mercury will continue to fall, 
or at least remain stationary, then it will rise suddenly some tenths of a 
degree and r<uich a maximum, remaining stationar) thereat for some 
little time before it falls again. This point is called the “ titer ” or 
solidifying point of the mixed fatty acids. In the case of dark 
coloured fats it may be itr possible to observe the separation of ciystalline 
matter. In such cases it is best to make a preliminary experiment 
which affords the necessary guidance for the final observation. 

Fuikener ^ does not consider tliis a satisfactory 
in the opinion of the author, as stated already, it 
forms a reliable basis for the commercial valuation 
of solid fats, [)rovided the fatty acids have been dried 
in the manner described. Finhcncr uses larger 
quantities in small globular flasks of about 50 mm. 
diameter ; in order to prevent rapid cooling he places 
the vessel filled with the melted acids in a wooden 
box ^ (Fig. 41). (The same apparatus is also recom- 
mended by him for the determination of the 
solidifying points of commercial tallows.) The 
solidifying points found by Finkener are higher 
than those obtained by Dalican. Finkener s 
apparatus has been adopted by the German Custom 
House officials. 

Higher solidifying points— by 0-2'’ to 0-3° C. — 
arc obtained when the fatty acids are previously 
heated for two hours at lOO^" C., a procedure pro- 
posed by Wolfbauer.^ His method has been 
adopted in Austria for the determination of the 
“ titer ” of tallow and palm oil, and it is therefore 
described in full, although it sullers somewhat from over-elaboration. 

1 Jourii. Soc. Chevi. ImL, 1889, 424. Ibid., 1890, 1071. 

^ Ibid., 1894, 181, 908. 


method, whereas, 
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120 grms. of fat are melted in a beaker at a temperature slightly 
above the melting point, mixed with 45 c.c. of a caustic potash solution 
(1250 grms. of caustic potash in one litre of water), and stirred until 
the fat is completely emulsified. It is then covered and kept at 100° C. 
for two hours, with occasional stirring. A small portion is then tested 
by warming with 50 per cent alcohol— to ascertain whether saponifica- 
tion is complete ; a clear solution should result. Tlie soap is then decom- 
posed by boiling with 165 c.c. of dilute sulphuric acid, specific gravity 
1-142, preferably in a silver dish, until the free fatty acids rise to the 
top as a clear oily layer. The silver dish is covered with a flat dish 
filled with cold water, to check evaporation. The aqueous solution is 
completely drawn off, and the fatty acids are washed by boiling for 
one-quarter of an hour with dilute sulphuric acid (5 c.c. of concentrated 
sulphuric acid and 100 c.c. of water). After allowing to settle and 
removing the dilute acid, the fatty acids are boiled with 100 c.c. of 
distilled water, and washed until the wash-waters are no longer acid. 
The fatty acids arc then dried in an open dish at 100° C. for two 
hours. 

In the determination proper, the following apparatus is einy)loycd : 
a thin-walled test-tube, 3-5 ^ cm. by 15 cm., is fixed in a suitable bottle 
by means of a cork. A centigrade thermometer, extending from 1° to 
60° C., and graduated in fifths of a degree, is fixed in the test-tube by 
means of a cork, which must be sufliciently loose to permit of easy 
stirring of the contents of the tube with the thermometer. As the 
thermometer should be as short as possible, its scale is shortened by an 
enlargement blown in the bore of the capillary somewhere between 
2° and 28° C. The amount of mercury above the surface of the fatty 
acid is thus diminished, and an appreciable error is said to be thereby 
avoided. The test-tube is then filled to within 1 cm., or 1-5 cm., of 
the top with the melted fatty acids, the thermometer is immersed in 
the liquid to about the 35° mark (when the instrument should clear the 
bottom of the tube by about 4 cm. or 5 cm.), and the liquid is stirred 
until it becomes quite opaque, and partial solidification sets in. Care 
should be taken at this point that the thermometer be not more deeply 
immersed than before, and after stirring rapidly in a circle ten more 
times, the temperature is observed. The mercury now begins to 
rise ; the highest temperature noted is taken as the solidifying 
point. 

The reading of the thermometer should be corrected for its inherent 
errors by comparison with a standard instrument. Its zero point 
should also be redetermined from time to time, lilach determination 
should be repeated, and the difference between the duplicate ex- 
periments should not exceed 0-1° C. ; as a rule, it will not exceed 
0-05° C.2 

For reasons explained above it might appear doubtful whether 
Wolfhauer's higher values are due to removal of the last traces of 

^ In a narrower tube, about 2-5 eiii. in diameter, the .solidifying point was lound to 
be lower by O C. ‘ 

® For darriyues' “method” cp. Jouru. Soc. (Jhem. Jiid., ISO.'), 280. 
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Adhering moisture, or to such slight changes of the fatty acids as occur 
whilst drying. This doubt has been removed by the fact that Shukqff 
obtained practically the same numbers by a method in which heating 
of the fatty acids is avoided (see below). 

The Association of Ollicial Agricultural Chemists in the United 
States of America have examined the various modifications of Dalicans 
tost, proposed by Finkener, Wolfhauer, Boifcc, Wesson, and others, and 
the report on the co-operative work has been published by L. M. 
Tohnan in Circular No. 22 of the United States Department of Agri- 
culture, Bureau of Chemistry. The following lines give an abbreviated 
description of the modus operandi recommended : — 

Saponify 75 grms. of fat in a metal dish with 60 c.c. of 30 per cent 
(36° Be.) sodium hydi-oxide solution and 75 c.c. of 95 per cent (by vol.) 
alcohol and 120 c.c. of water. Boil to dryness, with constant stirring to 
prevent burning or scorching, over a very low flame, or over an iron or 
asbestos plate. Dissolve the dry soap in a liter of boiling water, and 
if alcohol has been used, boil for forty minutes in order to remove it, 
adding sulficient water to replace that lost in boiling. Add 100 c.c. 
of 30 per cent sulphuric acid (25° Be.) to free the fatty acids, and 
boil until they form a clear, transparent layer. Wash with boiling 
water until free from sulphuric acid, collect in a small beaker, and 
place on the steam-bath until the water has settled and the fatty acids 
are clear ; then decant them into a dry beaker, filter, using a hot-water 
funnel, and dry twenty minutes at 100° C. When dried, cool the 
fatty acids to 15° or 20° C. above the expected titer and transfer to a 
test-tube, which is 25 mni. in diameter and 1(X) mm. in length (1 by 4 
inches) and made of glass about 1 mm. in thickness. Place in a 16-ounce 
“ saltmouth ” bottle of clear glass, about 70 mm. in diameter and 150 
mm. high (2-8 by 6 inches), fitted with a cork, which is perforated so 
as to hold the tube rigidly when in position. Suspend a thermometer ^ 
graduated to 0-10° C., so that it can be used as a stirrer, and stir the 
mass slowly until the mercury remains stationory for thirty seconds. 
Then allow the thermometer to hang cpiietly, with the bulb in the centre 
of the mass, and observe the rise of the mercury. The highest point 
to which it rises is recorded as the titer of the fatty acids. 

The following conclusions were drawn by the Keporter of the 
Association : — ^The method of preparing the fatty acids has no influence 
on the results. The fatty acids should be dry ; it is recommended to 
filter the fatty acids and to heat them for twenty minutes at 100° C. 
The varying results obtained by various chemists are chiefly duo to 
differences in methods of stirring the fatty acids during the test. 

^ The odicial American directions give the following elaborate description of the 
tliernionicter to be u.sed : — “The thennoinetcr must be graduated in tenth degrees 
from 10" to 20", with a zero mark, and have an auxiliary reservoir at the upper end, also 
one between the zero mark and the 10" mark. The cavity in the capillary tube between 
the zero mark and the 10" mark must be at lea.st 1 cm. below the 10" mark, the 10" mark 
to be about 3 or 4 cm, above the bulb, the length of the thermometer being about 15 
inches over all. The thermometer i.s annealed for 75 hours at 450" C., and the bulb is 
of Jena normal 16”^ g'hws, moderately thin, so that the thermometer will be cpiick-acting. 
The bulb i.s about 3 cm. long and (5 mm. in diameter. The .stem of the thermometer i.s 
6 mm. in diameter .and made of the be.st thermometer gla.ss.’’ 
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Shikoff at first proposed to determine the “ titer test ” in a tube 
3 cm. in diameter, surrounded by a Dewar vacuum mantle, the outer 
diameter of which is 5 cm. and the height 10 cm. The fatty acids are 
poured into the inner tube, which is then closed by a cork fitted with a 
delicate thermometer. About 5^ C. above the expected “ titer,” the 
vessel is agitated in an up-and-down ward direction somewhat energetic- 
ally, until the contents have become distinctly turbid. The observation 
is then made in the manner described above. Later on Shukoff'^ 
showed that the vacuum mantle can be dispensed with, since equally 
godd results are obtained, if a tube of 2| to 3 cm. diameter is fitted with 
a thermometer, and then fixed by means of a cork in a wide-mouthed 
bottle. The results so found are stated to be in close agreement with 
the numbers obtained by Wolf bane/ s procedure. 

It is obvious that by varying the conditions under which the “ titer 
test ” is taken different results will be obtained. Hence there does 
not appear to be so much need for working out a new method as for 
agreeing on a certain modus operandi, and adhering to it strictly. 
Dalican's method, with the modifications as described by the author 
(p. 501), has proved itself reliable in the autlior’s own experience, 
extending over a great number of years ; even different observers 
in the author’s laboratory do not obtain greater variations than about 
0-1° C. This is (piite satisfactory in consideration of the fact that in 
commercial contracts a stipulated allowance comes into force only if a 
divergence of more than 0*2° C. from the guaranteed figure is observed. 
As Dedicates method has been made the basis of commercial transactions 
in tills country, the United States, and France, new proposals for 
determining the “ titer,” however acceptable they may appear, have 
little chance of superseding the established method. 

In view of the commercial importance of the correct determination 
of the “ titer test,” the question of a uniform method was laid before a 
Committee of the VIIth International Congress of Applied Chemistry, 
London (the author acting as president and reporter). Frank Tate 
described the apparatus used by him for the commercial determination 
of the “ titer test.” This apparatus is shown in Fig. 42, and was 
accompanied by the following description : — 

a. A clear glass cylindrical vcs.sel having an inside measurement 
0 cm. high and 2-75 cm. diameter, and sides about 0-30 cm. thick, 
slightly rounded at the bottom, and provided at the top with a glass 
lip or ebonite flange. 

b. An outer vessel of clear glass (13 cm. deep and 10 cm. wide), 
for the protection of the inner cylinder from draughts, etc. 

c. An ebonite or wooden cover (not metal or other good conductor 
of heat), with a hole in the centre and slightly depressed flange on 
which to hang the flange of the inner cylinder. 

d. Two small pins to keep the cylinder in position. 

e. An accurate thermometer graduated from about - 5° C. to about 


Chem. Zeit., 1901 , 99 . 
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70J C. in I of a degree. The size of the bulb to be as nearly as possible 
^•5 cm. m length and 0-60 cm. in diameter. 

/ An upright pillar provided with : 

(]. An arm from which to suspend the thermometer, and fastened 
into : • 

h. A stout base or stand of wood, hollowed slightly to receive; the 
Jarger glass vessel and keep it in position. 



h or the convenience of raising the apparatus, if necessary, so as to 
bring the top of the mercury in the thermometer on a level with the eye, 
the apparatus may, if required, have the wooden stand attached to a 
sliding tube (i) fixed over the upright rod and movable by the screw (j). 
In this case there will be required a further foot (k) to support the 
whole. 

The Committee agreed, sin(!e brokers, merchants, and others find 
it necessary for commercial purposes (such as tendering for sale, the 
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removal of goods from quay, shipping, etc.) to have the “ titer test ” 
reported as quickly as possible, that in urgent cases the author’s direc- 
tion, viz. to allow the fatty acids to solidify and to stand over-night 
under a desiccator (see p. 501) need not be insisted upon, especially so, 
as Fmuk Tale urged that in his own experience no difference in results 
was obtained. Inasmuch as the author had found, not infrequently, 
that lower results were obtained when the fatty acids were tested 
immediately after they had been liberated, an experience which is 
confirmed also by other observers, the compromise arrived at by the 
decision of the Committee should be used in cases of urgency only. 

The following table gives a list of titer tests ” collated from a 
very large number of observations made by the author : — 


Titer Tests of Mixed Fattij Acids {Lewkowitsch) 


Class of Oil. 

Kind of Oil. 

Titer Test. 
’U, 

UeniarlsS. 

Drying oils. 

Tanseed .... 

Tung 

Hemp .seed .... 
Satllo\v(!r .... 
Soya bean .... 
Poppy seed .... 

20-() 

37-2 

10-6 

16 

21 -2 

16-2 

Seiiii-drying oils . 

Cotton soe<i 

Maize .... 

SesannS .... 

Croton .... 

Curcas .... 

Ilapc .... 

32-0 

35-2 

19-0 

23-8 

19-0 

28-0 

13-6 

Tjowest 

Ilighc.st 

Non-drying oils . 

Peaeh kernel 

Almond .... 

Arachis .... 

Koenui .... 

Olive .... 

Ben 

13*5 

11 -8 

29 -2 

38-8 

17-2 

26 -4 

37-8 

Tjowpst 

Highest 

Marine animal oils 

Japane.se .sardine . , . 

28-2 



Cod liver . 

13-9 

Lowest 



24-3 

Highest 


Seal . . . . ■ 

15-9 



Whale .... 

23-9 


Terre.strial animal oils. 

Sheep’s foot 

21*1 


1 

Horses’ foot 

28 '6 


Neat’s font 

26-5 



[Table 
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Titefi' Tests of Mixed Fatty Adds {Lewlcuwitsch) — continued 


Class of Fat or Wax. 

Kind of Fat or Wax. 

Titer Test. 
“C. 

Rpinarks. 

Vegetable I'ats . 

Cli.'uilinoogra oil . 




Poiigam oil . 

41-4 



Laurel oil . 

15-1 



Car.apa oil . 

:34-9 



Margo.sa oil , 

42-0 



Niain fat ... . 

42-5 



Mowrali seed oil . 

40-3 



Palm oil, Loiiny . 




,, ila.ss.'uii . 

38-47 



„ Lago.s . 

43-92.0 



„ 01<1 Calabar . 

4l-t) 



„ Salt Pond 

44-47.5 



„ New Calabai- . 

4.'-. -6.5 



,, Congo . 

45-0,5 



Macassar oil . 

51 -t) 

1.0 west 


>» >)•••• 

53-2 

Highest 


Sawarri fat . 

47-0 



Nutmeg butter , 

35-95 



Sliea biittor .... 

53-8 



Cacao butter .... 

ls*;P49-r) 



Cliinese vegetable tallow^ 

1.5-2 

Lowest 


,, ,, „ 

53-1 

Highest 


Palm nut oil .... 

‘20-5 

Lowest 


Cocoa nut oil, commercial 

25-5 

Highest 


‘J-J-.O.O 

Lowest 


,, Cochin . 

25-2 

Highest 


‘I 5-2 



Japan wax .... 

.59-4 


Animal fats 

Horse fat .... 

33-7 



Horse marrow fat . 

38-55 



Lard 

42-0 



Loef billow, Engli.sh 

38-7 

Lowest 


„ ,, North American 

45-1 

Highest 


41-1 

Lowest 


,, „ South American 

44-15 

Highest 


42-95 

Lowest 


• ,, Australian . 

46-25 

Highest 


38-3 

Lowest 



43-3 

Highest 


Mutton tallow, EnglLsh . 

41-5 

Lowest 


,, Australian 

48-3 

Highest 


42-35 

Lowest 


»> »» ” • 

48-05 

Highest 


,, „ New Zealand . 

45-9 

Lowest 


}, »> »i >> 

48-0 

Highest 


Beef marrow .... 

38-0 


Liquid waxes . 

Sperm oil . 

11-9 



Arctic sperm oil . 

8-6 



Commercial. 
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Refractive Index 

The refractive indices of the mixed fatty acids supply no further 
information than is furnished by examining the oils and fats from which 
they have been derived, as all the differences observed in the refracto- 
meter can only depend on differences in the composition of the fatty 
acids. It has become customary of late, owing to the rapidity with 
which an observation is made, to record also the refractive indices of 
tlie fatty acids. The numbers so obtained are not collated here, as 
they will be found in Vol. II, Cliap, XIV. in the tables of “ Physical 
and Chemical Characteristics.” 

The following table may, however, be useful, as the refractive indices 
of the mixed fatty acids ^ are recorded side by side witli the numbers 
observed for tlie corresponding oils and fats. There arc also added a 
few isolated observations of butyro-refractometer numbers of liquid 
fatty acids (Bomer). 


Refractive Indices of Fatty Acids 


Kind of Oil. 

Refraclivo Index at CO’ C. 

ISutyrn-rofractmiieter 
“ l)e),Tec.s ” at '10’ C. 

of thfi Oil. 

of the Mixed Fatty 
Acids, 

of the Liquid Fatly 
Acids. 

I.iiiscod 

. 

1 • 1600 

1-4.546 


Poppy seed . 


1-4,586 

1-4506 


Siinilower . 


1-1611 

1 -4531 


Cotton seed 


1 -4.570 

1-4460 

51-4-54-7 

Sesame . , 


1 - 4.561 

1*4461 


Rape (crude) 


1-4667 

1 -4191 


Castor . 


1*4636 

1-4546 


Almond 


1-45.5.5 

1-4461 


Arachia , , 


1-454.5 

1-4461 


Olivo . 


1-4548 

1-4410 

42-7 

Cod liver . 


1-4621 

1-4521 


Palm , 


1 -4510 

1-4441 


Cacao liuttcr 


1 -4496 

1-4420 


Palm nut . 


1 1-44.31 

1-4310 


Cocoa nut . 


1-4431 

1-4295 


Lard . 


1-4410 

l-4.39{i 


,, (European). 




42-8-44-2 

,, (American). 




43-1-44-7 

Tallow (Reef) 


1-4539 1 

1 -4375 


,, (Mutton) . 


1-1510 1 

1*4374 


Butter 


1-445-1-448 ! 

1-437-1-439 



W. B. Smith ^ endeavoured to calculate a factor for the conversion 
of the refractive index of oils and fats into that of their fatty acids. 
In view of the differences of natural oils and fats of one and the same 
species such factors must be more or less arbitrary. 

With regard to the refractive indices of pure fatty acids and their 
glycerides, cp. also Vol. II. Chap. XIV. “ Butter Fat.” “ Lard.” 

^ Thonier, Journ, Soc. Chevi. Ind., 189.5, 43. 

'■* Jnurn. Irul. Jing. C/ieni., 1912, 36. 
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Rotatory Power 

Tlie ojDtical rotation of fatty acids furnishes more valuable informa- 
tion than is obtained by examining the corresponding oils and fats 
polarimeti-ically, as the separation of admixed unsaponifiable matter 
from th(3 isolated fatty acids permits to eliminate those adventitious 
substances which impart a slight rotation to many oils and fats. Thus 
the sesame oil fatty acids, if freed from the (sitosterol and) S(;samin, 
would exhibit no optical activity, as sesame oil itself owes its optical 
activity to non-glyceridic substances. Should the optical activity of 
a glyceride be due to an asymmetric arrangement of the acid radicles 
in the molecule, the absence of optical activity in the mixed fatty acids 
would (;onrirm in an unmistakable manner the view that one of the two 
antipodes of a racemic compound had been under observation. 

In those cases, however, in which the optical activity is due to the 
configuration of the fatty acid molecule itself, the fatty acids, frtied 
from foreign substances, would exhibit distinct optical rotation. Under 
this head fall ricinoleic; acid, hydnocarpic acid, and chaulmoogric acid. 

The following observations on the mixed fatty acids may be re- 
corded : — 

(Jjitical I { Dial. ion. 


Mixed Fatty Acids of 


Chaulnioogn oil 


Hydnooarpus oil 

+ (i0-4^ 

Tjukrabo oil 

-i-o.'ldP 

Oncoba oiU 

d 52-5" 


It is probable that the mixed fatty acids of stillingia oil also exhibit 
optical activity (cp. Vol. II. Chap. XIV. “ »Stillingia Oil ”). The fatty 
acids of rump gland wax are also stated to be 0 })tically active (see Vol. II. 
Chap. XIV. Hump Gland Wax ”). 

Solubility 

The mixed fatty acids of the majority of oils and fats are easily 
soluble in the usual organic solvents, and in addition thereto in absolute 
alcohol — in contradistilfbtion to the oils (except castor oil) and fats 
themselves. The fatty acids of castor oil form an exception with 
regard to petroleum ether, inasmuch as they arc insoluble in large 
quantities of the solvent, although they are miscible with an ecpial 
volume of petroleum ether. The fatty acids which form water soluble 
barium and magnesium salts (such as the volatile acids from butter fat 
and from cocoa nut oil and palm-kernel oil) can be resolved by petroleum 
ether into two fractions, soluble in petroleum ether and insoluble in 
petroleum ether respectively. 

The lower fatty acids (butyric, caproic, caprylic) being soluble in 
water (see Chap. Ill p, 110) are to the greatest part removed in the 

^ Proc. Ckeni. Soc., 1913, 197. 

2 Cp. E. Ewers, Zeits. f. U liters, d. JViihrgs- u. Gennssm., 1910, xix. 529. 
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prepaTation of the mixed fatty acids from natural oils and fats (see 
Chap. III. p. 110). 

The insoluble fatty acids from different oils and fats differ as regards 
solubility in alcohol. This may be gatherctl from tlie numbers recorded 
in the following table : — 


Soluhilily of Mixed Fatty Acids in Absolute Alcohol 



100 Ortns. of Absolute Alcohol dissolve 1 

Mixed Fatty Acids from 




at 0*0. 

at lO" C. 


Qnns. 

Gnns. 

Mutton tallow .... 

2-48 

6-02 

Beef tallow .... 

2-51 

6-05 

Veal tallow .... 

5-00 

13-78 

Lard 

5-63 

11-23 

Butter fat ... . 

10-61 

24-81 


The differences in solubility are, however, not so pronounced that 
rules can be derived for the discrimination of various oils and fats. In 
some cases the different solubilities of fatty acids in dilute alcohol ^ 
may serve as a guide (cp. “ Separation and Determination of Individual 
Saturated Fatty Acids,” p. b52). The same strictures would apply to 
the employment of a mixture of alcohol and ether.^ 

The different solubility of the higher fatty acids in organic solvents, 
as compared with that (of the acids of low molecular weight and) of 
liquid fatty acids, respectively, affords means for the approximate 
separation of the several constituents of mixed fatty acids. This 
principle is made use of to isolate by means of alcohol at the ordinary 
temperature some high melting acids, such as arachidic acid (sec below), 
and at very low temperatures to separate erucic acid from liquid fatty 
acids associated with it in rape oil. 

The higher saturated fatty acids are more sparingly soluble in 
petroleum ether than the corresponding unsaturated acids, and require a 
higher temperature than the ordinary one for com])lete dissolution. On 
cooling, the higher saturated fatty acids separate out to some extent. 

Fachini arid Dorta^ endeavoured to found on this behaviour a 
method of separating solid from liquid fatty acids (see p. 550) by 
working at temperatures of - 40 to - 45'^ C. 

The solid saturated fatty acids are also more sparingly soluble in 
dry acetone than the unsaturated fatty acids having the same number of 
carbon atoms. 

Hydroxylated acids, as a general rule, are insoluble in petroleum 
ether (see p. 579). Oxidised acids (p. 580) are likewise insoluble in 
petroleum ether, and may thereby be .separated from the ordinary 

^ Cp. Vandam, Annal. de Pharni. de Loncain, 1901, 201 ; Analyst, 1901, 320 ; 
H, S. Shrewsbury and A, W. Knapp, Analyst, 1910, 385. 

'■* Dieterich, Pharni. (Jentralh., 1896, No. 39. 

^ L’lndustria Saponuru, 1910, 201. 
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fatty acids. This procedure does not lead to satisfactory results in 
the case of a mixture of hydi’oxylated fatty acids, such as ricinoleic 
acid, with oleic acid (see p. 570). The principle of treating mixed 
fatty acids with a saturated solution of one specific acid was first 
introduced as a working process by l)amd in the determination of 
stearic acid (see below). 

The fatty acids of the liquid waxes behave like the acids of fatty 
oils (castor oil excepted). The fatty acids of the solid waxes, mostly 
representing, as tliey do, fatty acids of high molecular weight, are 
mucli more sparingly soluble in ether, petroleum ether, alcohol, etc., 
than are the acids of most oils and fats. 


B. CHEMICAL METHODS 

The chemical methods are arranged here in a logical system, so that 
the order of the description may serve at the same time as a guide in 
the technical examination of the mixed fatty acids. Further methods, 
involving a strictly scientific examination, will be described in Chapter 
XII. The subject-matter in this section will be treated under the 
following headings : — 

1. Neutralisation Value- -Mean Molecular Weight. 

2. Lactones — Anhydrides. 

3. Insoluble Fatty Acids. 

4. Volatile Fatty Acids. 

5. Separation of Insoluble Saturated from Unsatu rated Fatty Acids. 

6. Separation and Determination of Individual Solid Fatty Acids — 

Erinic Acid — Saturated Fatty Acids. 

7. Determination of Oleic Acid in the absence of other Unsaturated 

Fatty Acids. 

8. Detection, Separation, and Approximate Determination of Indi- 

vidual Liquid Fatty Acids — Oleic, Linolic, Linolenic, Clupano- 

donic. 

9. Hydroxylated Fatty Acids. 

10. Oxidised Fatty Aciefe. 

1. Neutralisation Value — Mean Molecular Weight 

The veulralLsation value indicates the n umher of milligrams of 'potassium 
hydrate required to sat urate one gram of the mixed fatty acid^. 

In the case of oils and fats having saponification values of about 
105 and less, the mixed fatty acids obtained by the process described 
Chap. III. p. 110 may, for practical purposes, be considered as repre- 
senting the total fatty acids contained in an oil or fat. 

If, however, the saponification value of the sample exceed 200, 
the presence of considerable amounts of myristic (and) or lauric or of 
soluble acids must be suspected. It is advisable, indeed in most cases 
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imperative, to remove the soluble acids (see below) and examine the 
mixed insoluble fatty acids. 

The difficulties and inaccuracies involved in an endeavour to isolate 
the total fatty acids, i.e. both soluble and insoluble together — are such 
that in technical analyses such a metliod would become entirely im- 
practicable.^ 

The determination of the neutralisation number is carried out in 
exactly the same manner as is described under the heading “ Acid 
Value ” (Chap. VI. p. 437). As a rule, about 5 grins, of the substance 
should be taken ; smaller quantities should not be employed (if avoid- 
able), as otherwise the errors of the method have too great an infiueiice 
on the result. 

The proposal ^ to weigh off 0-5 gram and titrate with dccinormal 
potash obviously cannot yield satisfactory results and should be 
rejected : for a simple calculation will show that errors of 0-05 c.c. of 
deci-normal alkali seriously affect the correctness of the result. If 
only quantities smaller than 5 grams are available, then it is imperative 
to titrate with normal or half normal alkali until the point of saturation 
is nearly reached, and finisli the titration with decinormal potash. 

From the neutralisation number thus found, tlie mean molecular 
weight ® of tlie fatty acids can be calculated as follows : — Let M be 
the molecular weight expressed in grams. Theory recpiires that M 
grms. be neutralised by 50-1 grams of potassium hydrate, KOII. Let n 
be the number of grams of potassium hydrate found l)y experiment to 
neutralise one gram of fatty acids, then wo have the proportion 


M : 5G- 1 : : 1 : n ; hence, M 


r)()i 

n 


(1). 


In order to find n, the number of c.c. of normal KOI! found for 
1 grm. of fatty acid must be multiplied by 0-0501. If that number 
be a, then, evidently, we have 

0-0501 .... (2). 


By substituting this expression in the above evjuation (1) we obtain 


M 


50 1 1000 

a X 0 0501 « 


( 3 ). 


In a similar manner the mean molecular weight of the isolated 
soluble acids (see below) can be determined. 

In the following table I give the theoretical molecular weights and 
calculated neutralisation values of pure fatty acids ; they will serve 

* Cp. r. Siiritnich, Zeils.f. Unters. d. Nahrgs- u. Gennssm., 1911, xxi. 38. 

Juckenack and Pasternack, Zeits. f. Unters. d. Nahnjs- u. Gennssvi., 1906, x. 
99. Cp. W. Arnold, Zeits. f. Unters- d. Nahrgs- u. Oenussnu, 1912, xxiii. 129. 

^ The determination of the molecular weight hy cryoscopic ami ebullioHCopic methods 
can obviously only be applied in the case of pure acids. 
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as a guide in the proper interpretation of such numbers as are obtained 
in the practical examination of the mixed fatty acids of a given oil, fat, 
or wax. 


Neufralisation Values of Fatty Acids 


Acid. 

Formula. 

Moluciilar 

Weight. 

\miLraliK!i(ioii 

Valtif. 

Mj,'rm.s KOII. 

Acetic 


60 

935-0 

Butyric ....... 

aiiHO, 

88 

637-5 

Caproic 


116 

483-6 

Caprylic 


144 

389-6 

Capric 

OjoHooO.^ 

172 

326-2 

Laurie 


200 

280-5 

Myristic 

C 14 H.A 

228 

246-1 

Palin i tic 


2.56 

219-1 

Stearic 

C„ll:r.O, 

284 

197-5 

Oleic 

c,hIP,a 

282 

198-9 

Liiiolic 


280 

200-4 

Hydnocarpic 

0i6B2,s02 

252 

2-22-6 

Cliaulinoogric 

0jf(Tl320.2 

280 

200-4 

fjinolenic 

('Mh 

278 

201 -8 

Clupanodoiiic 

OiaU.,.0,. 

276 j 

203-2 

Ricinohde 

LisU.'nOg 

298 

188-3 

Arachidic 

CooTLqOo 

312 

179-8 

( J ad oleic 


310 

181-0 

Erucic 

( .WH 42 O .2 

3.38 

166-0 

Ccrotic 

t''itdIr)2Ur2 

396 

141-7 

Melissi(! 

t';)oRw)^2 

452 

124-1 

Hydroxy, stearic 


300 

187-0 

Ddiydroxystearic 

C 18 U 3604 

316 

177-6 

Trihydroxystearic 


332 

169-0 

Sativic 

CisH-kPu 

348 

161 -2 

T/inusic 

OjttH^oOfj 

380 

147 "6 

Diliydroxygadiiiic 

f'QoH4oU4 

341 

163-1 


In the following table tlie author has collated the neutralisation 
numbers and calculated mean molecular weights of the insoluble fatty 
acids of natural oils, fats, and waxes as obtained by the method of 
preparation described in Chapter lU. p. 110. 

The mean molecular weights of the mixed soluble acids of those 
oils and fats which have notable Reichert values will be given below. 

For further details, the monographs of Vol. II. Chap. XIV. should 
be consulted. 


VOL. I 


[Table 
2 L 
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Oils and Fats 


Oil. 

Class of Oil. 

Group. 

Ncutrali.sa- 
1 lion 

Numbor. 

Me.an Molec. 
Weij^ht. 

Perilla .... 
Linseed 

Tail" .... 
Stillingia 

Wliite acacia 

Fir seed 

Gynocardia . 

Safflower 

Kaya .... 
Echinopa , , 

Soya bean 

Poppy seed . 

Maniliot 

Sunflower 

Yellow acacia 

Para rubber tree seed . 
Ra.spberry seed 
Hawthorn seed 

Currant seed 

Blackberry seed . 

Drying oil.s 


197'7 

197 

188 -8 

2) A -‘2 
2001 

19:5 0 
199-8 

199 

192-81 

192-6 

199 

197-6 

201-6 

199 

191-2 

197-2 

202-9 

211 

199-7 

284-0 

284-7 

297-1 

261-9 

280- 4 
290-6 
280-8 

281- 9 

290- 9 

291- 5 

281-9 

283- 9 
278-2 
280-9 
293-3 

284- 6 
276-4 
265-9 
280-9 

Clover, red . 

Semi-i Irving 

Cotton seed 

198-1 

283-2 

Clover, white 

oils 

oil grou]) 

197-6 

283-8 

Grape seed . 



187-4 

299 -;5 

Pumpkin .seed 



197 

281-7 

Water melon 



197-1 

284-1 

Maize [corn] . 



198-4 

282-7 

Persimmon seed . 



192-7 

291 -5 

Kapok .... 



191 

293-7 

Cotton seed . 



202-208 

277-7-269-7 

Sesame .... 



200-4 

279-9 

Croton .... 



201 

279-1 

Zachun 



200 

278-2 

Tomato seed . 



199-5 

281 -2 

Spindle tree . 


0 

223-6 

250-9 

(jarden cress . 


Rajic oil 

193-2 

290-3 

Rape .... 


group 

18.5-0 

303-2 

Black mustard seed 



187-1 

300-299-8 

White mu.stard seed 



185-8 

302:501-9 

Radish .seed . 



189-5 

296 

1 .Jamba .... 



173-9-183 9 

322-6-305 
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Oils and Fats — continued 


on or Fat. 

Class of 

Oil or Fat. 

Group. 

Noiitraltsa- 

tion 

Number. 

Mean Moleo. 
Weight. 

Small fennel 


Non-drying 

oils 


197-6 

283-9 

Clierry kernel 



189 

296 -S 

Apricot kernel 

Plum kernel . 




194 

289-1 




200-5 

279-8 

Peach k('rncl . 




200-9 

279-2 

Almond 




204 

275-0 

Srtn^uiindla . 




195-1 

287-5 

Arachis 




201-6 

278-2 

Rico 




193-9 

‘289-3 

Tea seed 




195-0 

287-6 

T.'iubriki 




197 

284 

Sasarnjna 




199-6 

‘281 

Hazel nut 




200-6 

279-6 

I'lldfU'berry . 




204-8 

•273 -9 

Stair tree . 




188-7 

296-5 

Olive . 




200 

280 

Calopliyllum 




194 

289-2 

Coffee berry . 




175 

3*20-5 

Canari . 




191-201 

278-6 

Castor , , , 



Castor oil 

192-1 

292-0 




group 



Ilori'ing 


Marine animal 

Fish oils 

192-2 

‘291-9 

kSlickleback . 

• 

oils 


181-5 

309-0 

Cod liver 



Liver oils 

204-207 

275-0-271 -0 

Tunny iish . 




177-0 

316-9 

Seal 



1 Blubber oils 

193-2 

290-3 

Turtle . 




209-3 

268 

Brown fisli . 




207 

271-0 

Cliry.sali.s 


Terrestrial 


199-34 

281-43 



aiiimai oils 


194-9 

287-8 

Neat’s foot . 




203 

276-3 

Chaulrnoogra 


Vegetable fat.s 

Cliaulmoogra 

215 

260-9 

Ilydnocarpus 



oil group 

214 

26-2-1 

liukrabo 



202-6 

277-0 

Nux vomica. 




199-5 

281-2 

Baobab 




197-5 

284-1 

Niam . 




198-1 

283-7 

Njave . 




201-7 

284-6 

Aouara 



Palm oil 

199-1 

281 

Palm . 



group 

205-6 

272-8 

Akeo . 



207-7 

270-1 

Maca.ssar 




191-6 

292-7 

Sawarri 




205-6 

272-8 

Mafura tallow 




194-3 

288-7 
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Oils ami Fats — continued 


Oil or Fat. 

Class of Fat. 

Group. 

Noiitnilisa- 

tioii 

Number. 

Mean Mol<!C. 
Weight. 

221-9 

Ochoco .... 


Myristica 

group 

252-8 

Surin .... 


Cacao 

196-9 

284-9 

Rambutan tallow . 


butter group 

186-4 

300-9 

Cacao butter . 



190 

295-2 

Chinese vegetable tallow 



1 8-2-208 

308-2-269-7 

Kokuin butter 



198-9 

282-0 

Borneo tallow 



205-5-197-6 

273-284 

Mooaya .... 



254 

220-8 

Aouara kerne! 


oil group 

249-1 

225 

Palm nut 



252-264 

211-2-23 

Cocoa nut . 



258-266 

210-217 

CAy-Cay 


Dika fat 

253 

222 

Kusu .... 


gi'oup 

292-8 

191-6 

.Ta])an wax . 



213-7 

262-5 

Myrtle wax . 



230-9 

242-9 

Blackcock 

Animal fats 

Semi-drying 

199-3 

281-4 

Lynx .... 


fats 

•202-7 

1 276-8 

I^larraot 



209-6 

267-7 

Horse . 



202-6 

276-9 

Hare .... 



209-0 

‘268-4 

Rabbit (wild) 



209-5 

267-7 

Rabbit (tamo) 


Non-drying 

21 8-1 

257-2 

Horse irjarrow 


fats 

210-8-217-6 

266-1-257-8 

Goose (domestic) . 



202-4 

‘277-1 

Goose (wild) . 



196-4 

285-6 

Chicken 



200-8 

279-3 

Lard .... 



201-8 

278-0 

Wild boar 



203-6 

275-5 

Dog • . . . 



199-2 

‘281-6 

Wild cat . . . 



203-8 

‘275-2 

Beef marrow 



204-5 

274-3 

Bone .... 



200 

280-5 

/Beef tallow 





t Mutton tallow . 



|198 

|‘283-3 

Elk .... 



201-4 

278-5 

Roebuck 



200-5 

279-8 

Fallow buck . 



201-4 

278-5 

Stag .... 



201-3 

278-6 

Butter .... 


Milk fats 

210-220 

267 -1-255 -0 
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IFaxe-s 


Wax. 

Class of Wax 

Group. 

Neiiir.'iliaa- 

tioii 

Number. 

Mean Molec. 
Weight. 

Siierm .... 

Liquid Waxes 


199*6-190 -8 

281-291 

Wool wax . 

Solid Waxes 

Animal Wax 

1 

171*3 i 

327*5 


2. Lactones — Anhydrides 

Ifc has been stated already that, as a rule, the amount of unsaponifi- 
ablo matter in oils and fats may be neglected in the determination of 
the neutralisation number of the fatty acids. Hence, if the fatty acids, 
instead of being titjaited with acpieous alkali in the cold, were boiled 
with an excess of alcoholic potash (see “ Saponification Value,” Chap. 
VI. p. 370), the same number of milligrams of potassium hydrate 
should be found, provided the amount of unsaponifiable matter be 
negligible. In otfier words, the neutralisation and saponification values 
of fatty acids should be identical. In case, however, the fatty acids 
contain such substances as lactones, or anhydrides of the fatty acids, 
which do not combine with aqueous alkali in the cold (and are only 
hydrolysed on boiling with alcoholic [)otash) then the saponification 
value of the fatty acids will bo higher than the neutralisation number 
Tortelli and Fergaud ^ state that this holds good for all fatty acids, with 
the exception of stearic acid. Theh results are reproduced in the 
following table 


1 i:Orosi, 1901, 1. 


[Table 
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I’lirc Fatty Acids. 

1. 

Neutral- 

isation 

Value. 

II. 

Moloenlar 
WoiKlit 
calculated 
from I. 

111. 

Saponill- 

ciition 

Value. 

IV. 

Molecular 
Weib'ht 
eiilculatcd 
from in. 

V. 

Difference, 

11 -IV. 

Palmitic . . . - 

Stearic .... 

Araehidic .... 
Oleic, freshly prej)ared IVom 
olive oil . 

Oleic, 2 years old, from beef 

fat 

Oleic, commercial, several 
years old . 

202-7 
198*7 
108 -9 

loy-.’i 

191-0 

181-6 

276-5 
282 -3 
312-3 

281-2 

293-8 

308-2 

218-7 

198-9 

170-1 

201 -1 

202-8 

189-3 

256-4 

‘282-0 

329-8 

278-5 

276-6 

296-5 

20-1 (!!) 
0-3 

12-5 

2-7 

17-2 

11-7 

Mixed Fatty Acids from 

Linseed oil, fresh 

194-6 

288-2 

201 -8 

277-9 

10-3 

,, „ 3 years old 

191-.') 

-292-8 

205-4 

-273-2 

19-6 

Suiillower oil, fresh 

193-4 

290-0 

201-5 

‘278-4 

n-6 

,, ,, 2 years old . 

Nut oil, fresh 

li'4-5 

287-6 

199-6 

‘281 -0 

7-6 

200-2 

279-7 

20-2-8 

276-3 

3-1 

Nut oil, same, kept in the 
dark 1 month . 

200-5 

279-8 

200-8 

279-3 

0-5 

Nut oil, .sanii‘, kept in the 
dark 2 montlis 

196-0 

286-2 

208-5 

269 -0 

17-2 

Cotton seed oil, fre.sh . 

200-9 

279-2 

203-1 

276 -’2 

3-0 

,, ,1 yeans old 

191-3 

288-7 

204-5 

274-3 

11-4 

llavisoii oil, fresh 

176-8 

317-3 

183-2 

306-2 

11-1 

,, „ 2 yeans old 

Riipe oil, fresh . 

178-8 

313-7 

182-1 

308 -0 

5-7 

176-6 

317-7 

181-2 

309-6 

8-1 

„ „ 2 years old . 

178-3 

314-6 

182-5 

307-1 

7-2 

„ ,, 6 years old . 

176-1 

318-8 

181-4 

309-1 

9-1 

Castor oil, fresh . 

187-0 

300-0 

191-0 

294 -3 

5-7 

,, ,, 2^ years old 

183-1 

306-4 

189-0 

-296-7 

9-7 

Cherry kernel oil 

191-3 

293-2 

213-7 

262-5 

31-7 

Apricot kernel oil, frc.sh 

199-5 

281-2 

200-2 

280-1 

1-1 

Apricot kernel oil, acids 
remained 1 month in the 
dark .... 

196-0 

286-2 

199-1 

281-7 

4-6 

Apricot kernel oil, acids 
remained 2 months in the 
dark .... 

197-4 

284-2 

198-2 

283-0 

1-2 

Apricot kernel oil, acid.s 
rein.iined 5 months in the 
dark .... 

187-0 

300-0 

200-0 

280-5 

19-5 

A{>ricot kernel oil, 2 yeans old 

196-8 

286-0 

« 200-0 

‘280-5 

4-5 

Apricot kernel oil, same acids 
exposed to light 1 month . 

182-9 

306 0 

194-1 

288-9 

17-1 

Almond oil, frc.sh 

195-8 

286-6 

200-3 

278-3 

8-2 

,, ,, 2^ years old 

196-0 

286-2 

202-2 

‘277-5 

8-7 

Arachi.s oil, fresh 

195-2 

287-3 

200-2 

280-2 

7-1 

,, ,, 2^ years old 

195-5 

286-9 

200-0 

280-5 

6-4 

Hazelnut oil, fresh 

197-6 

283-8 

199-7 

280-9 

2-9 

Olive oil, 3 years old . 

194-5 

288-4 

200-9 

279-1 

9*3 

Vegetable tallow, 3 years old 

213-8 

262-2 

214-0 

262-1 

0-1 

Vegetable t.allow, acids ex- 
posed to light for 9 months 

204-2 

274-7 

215-7 

260-0 

14-7 

Lard, fresh .... 

206-0 

273-4 

204-8 

-273-9 

0-6 

,, 2^ years old 

203-4 

276-8 

203-1 

‘276-2 

0-4 

Beef tallow, fre.sh 

20.V7 

272-7 

209-0 

-267-2 

6-5 

,, „ 2 years old 

206-4 

L- 

273-1 

207 1 

270-8 

2-3 
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The author has, however, shown^ that it would be premature to 
accept this general statement, as in a number of cases he obtained 
figures which contradict Tortelli and Pergami's views. In some cases 
the numbers found agree with those given by Tortelli and Pergami, 
in other cases the differences are so small that they fall within the errors 
of the method. Even negative differences were obtained, as will be 
seen from the following table, in which I collate some results ascertained 
in my laboratory : — 


Neutralisation and Saponification Values of Mixed Fatty Acids ^ 
(Lewkovnhch) 


Acid from 

I. 

Noutral- 

isatioii 

Viiliit*. 

11. 

Mol(‘(Milar 

calculated 
from I. 

III. 

Saponili- 

cal.ioii 

Value. 

IV. 

Molecular 
Weight 
calculated 
from III. 

V. 

Dilferenre, 

Jl.-IV. 

Linseed oil .... 

201-8 

278-0 

199-8 

280-9 

- 2-9 

M • 

194-7 

288-1 

199-8 

280-7 

+ 7-4 

Tiing oil . 

195-2 

287-1 

199-0 

281-9 

+ 5-5 

181 -25 

309-5 

198-7 

282-3 

4-27-2 

Stilliiiifia oil 

206 -8 

•271-9 

210-5 

‘266-5 

+ 5-4 

Nut oil ... . 

201-2 

278-9 

199-5 

281-3 

- 2-4 

Salllowor oil . . . 

200-3 

280- 1 

199-7 

280-9 

- 0-7 

Maize oil . 

197-1 

284-6 

199-8 

280-7 

+ 3-9 

Cotton seed oil . 

197-4 

281-1 

204-2 

274-7 

-f 9-4 


200-5 

279-8 

205-2 

273-3 

-h 6-5 

n )i • • • 

201-9 

277-8 

205-1 

273-5 

f 4-8 

Rape oil .... 

182-3 

307-7 

184-9 

303-3 

+ 4-4 

Croton oil .... 

197-3 

281-3 

203-3 

275-9 

+ 8-4 

Castor oil . 

176-9 

317-1 

177-2 

316-5 

4- 0'6 

1, )) • 

175-7 

319-3 

177-8 

315-5 

4- 3-8 

Apricot kernel oil 

174-7 

321-1 

176-5 

317-8 

-f 3-3 

198-0 

283-3 

202-0 

277-7 

+ 5-6 

,, ,, (California) 

197-8 

283-6 1 

202-8 

276-6 

-t- 7-0 

Peach kernel oil . 

194-0 

289-1 

200-7 

279-5 

4- 9-6 

196-8 

285-0 

205-0 

273-6 

4-11-4 

Almond (sweet) oil 

196-4 

285-6 

201-7 

278-1 

4- 7-5 

,. (Sicily) . 

198-8 

282-1 

202-2 

277-4 

4- 4-7 

,, (Mazagaii bitter) . 

196-8 

285-0 

203-1 

276-2 

4- 8-8 

,, (small Indian) 

195-8 

286-5 

200-7 

279-5 

4- 7-0 

,, (Mogador bitter) g , 

197-1 

284 -6 

203-2 

276-0 1 

4- 8-0 


207-8 

269-9 

207-6 

‘270-2 1 

- 0-3 

Olivo oil . 

200-5 

279-8 

201-9 

277-8 

+ 2-0 


200-9 

279-2 

200-9 

279-2 

0-0 

Palm oil . 

206-2 

272-0 

206-9 

271-1 

f 0-9 

Cocoa nut oil . 

205-5 

272-9 

206-3 

271-9 

4- 1-0 

271-6 

206-5 

271-0 

207-0 

- 0-5 

)) »> ... 

271-5 

206-6 

270-6 

207-3 

- 0-7 

Lard 

196-0 

286-2 

205-1 

273-5 

4-12-7 


196-2 

285-9 

204-5 

274-3 

4-11-6 

Mai'gosa oil ... 

194-1 

289-0 

198-9 

282-0 

4- 7-0 

Pongam oil . 

192-5 

291-4 

195-8 

286-5 

4- 4-9 

Oleic acid (iodine value 81-6) 

201-2 

278-8 

201-4 

-278-5 

4- 0-3 


* Lewkowitsch, Jahrbuch der Chemie, 1901. xi., ,‘1,')9. 

^ Cp. also “ Water-mploii Oil” and “ Datura Oil,” Vol. 1[. Cluip. 
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TortelU and Pergami's statement that the difference between 
the saponification and neutralisation values of mixed fatty acids 
increases with the age of the sample, finds its explanation in the fact 
that such fatty acids as a rule contain small amounts of volatile and of 
oxidised fatty acids. Hence in the case of old oils, especially fish, 
liver, and blubber oils, the differences between saponification and 
neutralisation are considerable (see VoL II. “Marine Animal Oils”). 

Difi’erences between the saponification and neutralisation values 
may also be due to the formation of anhydrides of the fatty acids 
tJiemselves on heating ; in many cases a notable difference would j)oint 
to the presence of inner anhydrides or lactones, the occurrence of wliicii 
in natural fats (Vol. II. Chap. XIV. “ Sawarri Fat ”) and in wool wax 
was first proved by Leivkowitsch.^ Thus wool wax fatty acids are 
easily converted, to some extent, into inner anhydrides on heating 
to 100° C. (cp. Chap. XL, and Vol. II. Chap. XIV.). 

Ilydroxylated fatty acids especially arc likely to suffer dehydration 
with the formation of inner anhydrides. Thus the fatty acids of castor 
oil readily form inner anhydrides (polymerisation ])roducts) ; indeed 
it has been shown that the fatty acids of castor oil become “ j)oly- 
merised ” even at the ordinary temperature on prolonged kc(‘,|)iiig, 
forming polyricinoleic acids (see Chap. III. p. 211). In the case of 
such polymerised ricinoleic acids the difference is considerable - between 
the saponilication and the neutralisatioji values. Another example 
of this kind is furnished by stcarolactone, the inner anhydride of 
y-hydroxystearic acid (see Chap. III. p. 226). 

The proportion of lactones and other anhydrides may be deter- 
mined cither volume trically or gravimetrically. 


(a) Volumetric Determination of Lactones [Anhydrides) 

Five grams of the sample are weighed off, dissolved in neutralised 
alcohol, and titrated with aqueous alkali in the cold. (It should be 
noted that the aqueous solution at the end of the titration must contain 
at least 50 per cent of alcohol, so as to prevent hydrolysis of soap.) 
Thus the neutralisation value of the sample* is found. In a second 
experiment 1-5 to 2-0 grms. are boiled with alcoholic potash exactly 
as described under “ Saponification Value ” (Chap. VI. p. 379) and 
titrated. Thus the saponification value is found. 

The difference between the saponification and neutralisation values 
furnishes a measure of the lactones present. If the chemical composi- 
tion of the lactone be known, its quantity can be calculated as shown 
by the following example ; — 

The saponification value of a mixture of fatty acids and stearo- 
actone was found to be 194-3, and its neutralisation number 153-9. 

1 /Voc. Cheni. 1889, 69 ; Juitrn. Soc. Chem. hid., 1890, 844; 1892, 39; 
1896, 14. 

^ Cp. Lewkowitsch, Journ, Sue. Chem. Ind., 1893, 67. 
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The difference, 194-3 -153-9 = 404, corresponds to the amount of. 
stearolactone present. As the saponification value of stearolactone is 
198-9, calculated from the proportion : — 

282:50100: : 1 :x; a;- 198-9, 

the percentage of stearolactone is found from the following proportion : — 

198-9 : 100 : : 40-4 : x ; x—20-3 per cent. 

As tlie nature of tlie lactones (or anhydrides) occurring in a sam])le 
submitted to an analyst is but rarely known, it will be found preferable 
to isolate the lactone and determine it quantitatively, as describcid in 
the following process, which pei-mits at the same time to determine 
the free fatty acids volu metrically. 


(b) Gravimetric Determinatim of Lactones {Anhydrides) 

Five grams, or more, of tlie sample are dissolved in neutralised 
alcohol, and titrated with aipieous caustic potash in exactly the same 
manner as described above under “ Neutralisation Value.” The 
la(-tone or aidiydridc remains unaffected as long as free fatty acid is 
present. Tlie soap solution is then shaken out with ether or petroleum 
ether (see Unsaponiliable Matter,” Chap. VI. p. 455), care being 
taken not to dilute the soap solution too much so as to cause dissociation 
of the soap, when acid soaps may pass into the ethereal solution). The 
ethereal solution is then filtered off, the ether evaporated off, and the 
residue weighed. The residue must be free from ash ; its neutralisation 
value should, of course, be nil. 

If a further examination of the isolated lactone (or anhydride) be 
desired, its saponification value, iodine value, etc., may be determined. 


3. Insoluble Fatty Acids 

{a) In Oils and Fats 

It has been I’cpeateiMy pointed out that the fatty acids as prepared 
from oils and fats by the method described in Chapter III. contain, 
in the majority of cases, negligible quantities of unsaponifiablc matter, 
and it has also been explained tliat if the saponification value of an oil 
or fat docs not exceed 195, soluble or volatile acids are absent, or only 
present in negligible quantities. It has further been stated that in 
case the saponification value be higher than 200, the presence of 
glycerides containing soluble or volatile acids or considerable quantities 
of lauric (and) or myristic acid may be taken as granted. 

The proportion of insoluble fatty acids in oils and fats had for some 
time been looked upon as a “ characteristic ” number (and even as a 
“ constant ”) and was described as such in former editions of this work 
under the term “ Hehner Value,” although it had been emphasized 
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that the isolated insoluble fatty acids contained varying amounts of 
unsaponifiable matter. In the present work the proportion of fatty 
matter obtained by the method given in Chap. III. p. 110, will be 
recorded under the heading : — Insoluble fatty acids + unsaponifiable 
matter, in the tables of “ Characteristics of Insoluble Fatty Acids ” 
(see Vol. II. Chap. XIV.). 

The amount of fatty acids obtainable from a soap by decomposition 
with a mineral acid had been determined quantitatively as far back 
as tlie eighteenth century by Geoffrey and Macquer, but they still looked 
upon the fatty acids as the original fat used in making the soap — a 
procedure which in some modified form still survives at the present 
day in Marseilles, where soaps are branded (and sold) witli the percentage 
of fat corresponding to the amount of fatty acids actually contained in 
the soaps. 

The usual method for determining the amount of insoluble fatty 
acids in fats and oils in its first stages is essentially that described in 
Chap. III. p. 110, smaller quantities than 50 grins, being used and certain 
precautions being observed which are detailed in tlie following lines. 
It has been pointed out already that the volatile soluble acids are to the 
largest extent removed with the wash waters. 

A quantitative method for determining the proportion of insoluble 
fatty acids in oils and fats containing volatile (soluble) acids was 
proposed by Amjell and Hehner ^ for the examinatio]i of butter 
fat and the detection of foreign fats therein. At first they used 
aqueous potash for saponification, which naturally caused great 
difficulties ; hence the process became only workable tlirough the 
introduction of alcoholic potash (proposed for this purpose by Turner). 
The determination is carried out in the following manner ; — 3-4 grams 
of fat are saponified as described imder “ Saponification Value ” (Chap. 
VI. p. 379). The alcoholic solution is then rinsed with boiling water 
into a porcelain dish of about 5 inches diameter, and boiled down on 
the water-bath to pastiness. The soap is dissolved in 100-150 c.c. of 
water, and acidified with dilute sulphuric acid. The contents of the 
dish are then heated, until the liberated fatty acids float on the top as 
a clear oily layer. This is brought on to a filter pajjcr of about 4-6 
inches diameter, previously dried at 100*^ C. and accurately weighed in 
a weighing bottle or small beaker (covered wAii a watch-glass). The 
filter-paper should be of stout material, as ordinary filtering paper 
readily allows the liquid to run through turbid. A good plan to prevent 
this is to have the filter half full of hot water, before the fatty matter 
is transferred to it, and to keep it full till all the liquid is added. Finally, 
the fatty acids are washed on the filter with boiling water^ until a few 
c.c. of the wash-water do not redden sensitive tincture of litmus. (For 
3 grms. of butter fat no less than 2000 to 3000 c.c. of wash-water are 
required.) The funnel with the filter is then immersed in a vessel of 
cold water, so that the water outside and the acids inside are at the same 
level. The water is then allowed to drain off, the filter is transferred 
to the beaker in which it had previously been weighed, is dried at 100° C. 

^ Butter : Its Analysis and Adulterodions, London, 1874. 
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for two hours, and weighed. The fatty matter is dried for another 
hour or an hour and a half, and weighed again. The difference between 
the two weights will, as a rule, be below 1 mgi’m. 

In case the oil or fat under examination contains readily oxidisable 
fatty acids such as linolic, linolenic, clupanodonic acid, it is necessary 
to carry out the oj)erations with exclusion of air as much as possible. 
The bulk of the alcohol is, therefore, evaporated off fi’om the soap 
solution contained in the flask in which the saponification has been 
carried out, and the soap is then decomposed in the flask. The fatty 
acids are washed on the filter with as little exposure to the air as possible, 
the filter being kept covered with a watch glass. The waslied fatty 
acids are then rinsed with dry ether into a tared flask, and the solvent 
is evaporated off in a current of hydrogen or carbon dioxide. This 
modus ojjemndi does away with the drying and weighing of a tared filter. 

, Strictly concordant results are not obtainable by this method, as 
it entails a number of inherent errors, detailed consideration of which 
is required in each special case. 

Taking the final operation first, there are two sources of error — 
one causing an increase, the other a decrease in weight. To a certain 
extent, iiowever, one error is compensated by the other. On the one 
hand unsaturated acids may become oxidised, whilst on the other 
hand loss is incurred tlirough volatilisation of fatty acids. ^ 

The following table, due to Tatlock,^ gives some indications as to 
the amount of error caused by drying fatty acids at 90"’ 0. : — 

^ Kuhrion {Vhem. Zeif., 1907, 437) ol).sorvotl tlic foriiiatioii of neutral sulistanees, and 
conjectured that ])olyinerisation products arc formed and not anhydrides, as he was 
unable to detect oleic anhydriilc on heating oleic acid with dehydrated copper sul]iliate 
on the wator-l)atli. 

JoHrn. Sue. C/tein. Lul., 1890, 374. Cp. Fendler and Frank, Zeils. f. angew, 
Chan., 1909, 254, 


[Table 
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In the case of oleic acid Fahrion^ ascertained the following re- 
spective losses on drying for six hours at 110° C., 120° C., and 115° C, : 
— 2-8 per cent, 5*2 per cent, and 3-2 per cent. 

In order to obviate losses of fatty acids Lechartier (in 1880) and 
J. West Knight ^ proposed the following method, which is based, on the 
one hand, on the insolubility in water of the barium salts of the higher 
fatty acids, and, on the other, on the ready solubility of the barium 
salts of the volatile acids : ® — 1-3 grins, of the oil or fat are saponified 
with alcoholic potash in the usual manner ; the solution is then made 
up with cold distilled water to 300 c.c., and an aqueous solution of 
barium chloride added until no further precipitation takes place. The 
precipitate is collected on a filter, washed with warm water, and trans- 
ferred to a separating funnel, in which the barium salts are decomposed 
with hydrochloric acid.^ The liberated fatty acids are dissolved in 
other, the ethereal solution is washed and run into a weighed flask ; 
after distilling off the ether, the residue is dried and weighed. 

Inasmuch as the solubility of the lower fatty acids does not neces- 
sarily correspond to the solubility of their barium salts, it is open to 
doubt whether the results obtained by this method agree with those 
found by tiie method described above. In the case of butter fat for 
which tliis modus operandi was proposed, the numbers pubbshed by 
Knight agree closely with those obtained by the foregoing method.® 

Other errors, which in more pronounced degi-ee render the cpianti- 
tativS determination uncertain, are the varying })i‘oportions of un- 
saponifiable matter and the presence of glycerides containing lauric 
acid. Although the proportion of unsaponifiablc matter is negligible 
in most cases, it may in others lead to serious errors. Thus, to take 
an example, the amount of insolnble fatly acids + unsaponijiahle matter 
in “ Nux vomica fat ” was found to be 95-2 per cent, and this number 
might have been interpreted as pointing to a normal amount of fatty 
acids of tlio mean molecular weight of about 276. On closer investi- 
gation it was, however, found that the unsaponifiablc matter amounted 
to as much as 12-2 per cent. Hence the proportion of insoluble fatty 
acids actually amounted to only 83 per cent (95-2-1 2-2). Similar cases 
are recorded in the monographs of Vol. II. Chap. XIV. It is tlierefore 
evident that the weighed fatty matter can only be looked upon as 
consisting of insoluble fatty acids with a negligible quantity of un- 

1 Chem. Zeit., 1907, 437. 

2 Analyst, 1881, 155. 

•' Barium .salts were first prepared by Chevreiil. 

* It is not admissible to di-y the .salts, weigh them, incinerate, and derive the weight 
of the fatty acids from the difference of the first weight and the amount of baryta in the 
ash (ep. Chap. III. “Stearic Acid,” p. 16.5). Nor i.s it advi.sable to employ the soda or 
potash s.alts .-is sugge.sted by Fahrion, Chem. Zeit., 1906, 267 ; 1907, 437. Hence 
method, s based on the. determination of the weight of the pot-ish salts obtainable from the 
total fatty acids .although .so frequently proposed, must be rejected. 

® Asbuth states that the lend salts of the volatile acids are also soluble in water ; 
but his statement must be accepted with reserve as his paper does not furnish any proof 
for this assertion. 
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saponifiable matter, if further examination warrants such a conclusion ; 
for only in the case of pure triglycerides will the weight of the fatty 
matter be identical with the percentage of insoluble fatty acids. 

Since the theoretical yields of insoluble fatty acids obtainable 
from their monoglycerides, diglycerides, and triglycerides furnish useful 
indications in the examination of oils and fats, the author collates the 
theoretical numbers in the following table : — 


Percentages of Insoluble Fatty A cids in il/bwo-, Di-, and Tri-glycerides 
(Lewkowitsch) 


QlycerifJe of Acid. 

Monoglyceride. 

Dlglyceride, 

Triglyceride. 

Acetic .... 

0 

0 

0 

Butyric .... 

0 

0 

0 

Valeric .... 

0 

0 

0 

Caproic .... 

0 

0 

0 

Caprylic .... 

- 

" 

~ 

Capric .... 

- 

- 

- 

Lauric .... 

- 

— 

— 

My ri Stic .... 

75-50 

89-05 

91-75 

Palmitic .... 

77-58 

90-15 

95 -29 

Stearic .... 

79-83 

91-02 

95-73 

Oleic .... 

79-22 

90-95 

95-70 

Linolio .... 

79-10 

90-90 

96-67 

Linolenic 

78-98 

90-83 

95-63 

Clupanodonic . 

78-86 

90-79 

95-61 

Ricinoleic 

80-12 

91-43 

95-93 

Arachidic 

80-82 1 

91-76 

96-09 

Erucic . 

82-04 

92-35 

96-39 

j Cerotic . 

84-26 

93-10 

96-90 

1 Melissic .... 

85-93 

96-17 

92-27 

1 Hydroxy stearic 

80-2 

91-47 

95-95 

1 Dihydroxystcaric , 

81-02 

91-87 

96-15 

i Trihydroxystearic . 

Sativic . 

81-78 

92-23 

96-35 

82-48 

92 -.06 

96-50 

Liiiusic . 

83-70 

93-15 

96-77 

Mixed Triglycerides — 




Myristopalniitodloin 



95-3 

Oleodipalniitin 
Stearodipalniitin . 



95-3 



95-44 

Oleopalmitosteariii . 


■ 

95-58 

Palniitodistearin 



95-59 

Oleodistearin . 



95-62 

Elaidodistearin 



95-62 


Against the glycerides of easily soluble fatty acids I have placed a 
0, and in the case of the intermediate fatty acids, which require very 
large quantities of water for solution, I have placed a - in order to 
express thereby that no definitive figure can be given. By using a 
very much larger amount of boiling water than directed above, the 
total content of caproic, caprylic, and capric acids can bo washed out. 
If, however, lauric acid is a preponderant constituent of the mixed 
fatty acids, it would be practically impossible to remove it by washing. 
Hence, in the case of those fits which contain notable amounts of lauric 
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acid, the uncertainty of knowing when the washing should be stopped 
offers an insurmountable difficulty. To this very uncertainty must 
be attributed the fact that widely differing numbers have been recorded 
for the proportion of insoluble fatty acids + unsaponifiable in cocoa nut 
and palm nut oils. 

A still more striking example is afforded by “ Kusu Oil ” (see 
Vol. II. Chap. XIV.), which yielded with 2000 c.c. of boiling water for 
3-4- grams of fat; — 81-8 per cent of insoluble acids + unsaponifiable. There 
can be no doubt that further washing would have brought down this 
number considerably, in direct proportion to the further amount of 
hot water used. By persistently continuing the operation, the pro- 
portion of insoluble acids + unsaponifiable would have tended to 
approach zero, as kusu oil practically consists of laurin (the theoretical 
saponification value of which is 263-8), probably in admixture with a 
small quantity of lower glycerides (cp. also Vol. 11. Chap. XIV. “ Tang- 
kallak Fat ”). 


In order to complete the information obtained by weighing the 
insoluble fatty acids, it is advisable to ascertain their mean molecular 
weight (cp. p. 512 and Vol. IT. Chap. XIV. “ Butter Fat ”). A glance 
at the numbers given in the last column of the preceding table shows 
that tlie differences between the numbers for palmitin, stearin, olein, 
linolin, linolenin, and ricinolein are so small that they fall within the 
erroi’s of the gravimetric method. Hence, in these cases the discrimina- 
tive value of the percentage number would appear to be nil. It only 
acquires importance when a mixture of glycerides of higher fatty acids 
with glycerides of fatty acids lower than myristic acid is under examina- 
tion. In that case the proportion of insoluble fatty acids + unsaponifi- 
able will bo below 95, provided notable amounts of unsaponifiable 
matter be absent, and it will then be possible to derive from the difference 
between 95 and the number actually found a measure of the amount of 
glycerides of lower fatty acids in a natural product. 

The percentage number of the insoluble fatty acids indicates in a 
direct manner what can be derived implicitly from the saponification 
value if exceeding 200, or from the Reichert-Meissl value if exceeding 5 
(cp. “ Reichert-Meissl Value,” table, p. 423). Hence the determination 
of the percentage number has been almost completely superseded by 
that of the saponification and Reichert values. 

The percentage numbers of the majority of oils and fats lie in the 
neighbourhood of 95. Those oils and fats which notably deviate from 
this number are enumerated in the following table : — 


Oil or Fat. 




rjisoluFlfl Acids 
H-Unsaponiiiable. 

Croton , 




89-0 

Small fennel 




88-8 

Elderberry 




91-75 

Senega root 




85-8 

Shark liver 




86-9 (?) 
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Oil or Fat. 

Dolphin body 
Dolphin jaw 
Porpoiao body 
Porpoise jaw 
Brown lish 
Laurel . 
Carapa . 

Akce 
Macassar 
Maripa . 
Aoiiara kernel 
Palm nut 
Cocoa nut 
Japan wax 
Tangkallak 
Kuan 
Butter . 


Insolublo Acids 
+Uii8aponillable. 

9307 

66-3 

91-04 

70-2 


83-5-S6-H 
93 
93 
91-5 
88-88 
91-7 
87-(;-9M 
82-4-90 
90- () 
7(P 
81-81 
80-5-90-1 


It will be seen that, with the exception of Japan wax, the same oils 
and fats occur in the table of Reichert and Reichert-Meissl values. 
The occurrence of dibasic acids in Japan wax explains the low number. 


( 6 ) In Waxes 

The fatty matter obtained on saponifying waxes and decomposing 
the resulting product with mineral acid contains both fatty acids and 
alcohols ; ^ as the latter are insoluble in water, the percentage number 
found exceeds 100, water having been assimilated during the saponifica- 
tion. Hence the determination of the percentage number alone would 
furnish entirely useless results. 

In case it be desired to weigh the amount of insoluble fatty acids 
in waxes, the fatty matter obtained on saponification must first be 
freed from the alcohols ^ (cp. p, 455). The following table contams 
the proportions of insoluble fatty acids in some waxes, as ascertained 
in the author’s laboratory ; — ^ 


Percentage lumbers of Fatty Acids in Waxes {Lewkowitsch) 


Sperm oil ..... . 60-64 

Arctic sperm oil .... . 61-65 

Camaiiba wax ...... 47-96 

Wool wax ...... 59-8 

Beeswax ...... 46-77 

Spermaceti ...... 53-45 

Insect wax . . . . . . . 61-54 


^ These ininibcr.s may be .still too high. 

^ Any hydrocarbons present would be found with the alcohols. 
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4. Volatile Fatty Acids 

SOLUBLE VOLATILE ACIDS AND INSOLUBLE VOLATILE ACIDS 

If the saponification value of an oil or fat exceeds considerably 200, 
and if, subsequently, a notable ReicJiert-Meissl value has been found, 
the presence of volatile fatty acids is proven. It has been shown above 
(p. 418) that the earlier attempts to estimate the amount of total 
volatile acids have not been attended with success, and that the Reichert 
method is only a conventional one. Since in the Reichert test only a 
portion of the volatile fatty acids is obtained, the further examination 
of the distillate and the isolation of the individual volatile fatty acids 
contained therein will not furnish complete information (see Chap. XII.) 
as to the total amount and the nature of the volatile fatty acids. 

The volatile fatty acids must not be considered as being identical 
with the soluble acids, although the bulk of the volatile acids in most 
oils and fats characterised by high Reichert values are “ soluble ” in 
water. Since the occmTencc (in Japan Avax) of soluble dibasic acids — 
which arc non-volatile — lias been demonstrated, it is necessary to 
exercise due ciicumspection. 

If the total amount of volatile acids only is required, they may 
be obtained in substance by a method similar to the one proposed*by 
Lewlcowitsoh for the determination of the acetyl value, which consists 
in distilling off the total amount of volatile fatty acids exactly as 
described for the determination of the acetic acid in the “ distillation 
process.” This method differs, of course, from the Reichert process in 
that the total amount of volatile fatty acids is driven off. Six to seven 
hundred c.c. of water are distilled over, and the distillate is titrated 
with dccinormal potash, using phenolphthalein as an indicator. The 
number thus found is calculated to 1 grm. of oil or fat. 

The following table contains the total volatile acids furnished by 
some commercial oils and fats.^ A few numbers have been ascertained 
by the ” Filtration Process.” 

^ Levvkowitseb, Anohjd, 1899, 319. A much nioiv elaborate method proposing to 
distil off the volatile acids hi vacuo is proposed by E. Welde, Blochem. Xeits., 1910 (28), 
504 ; cp. also A. Bruno, Anua\ dc ch'mic atialyt., 1911 (16), 138. 
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Volatile ^4cids in Commercial Oila and Fats (Lewkowitsch) 


Kind of Oil or Fat. 

Totnl Volatile Fatty 
Acids por ^oam ; in 
toniis of Marins. 

KOII. 

Di.stilliition 

Process. 

Filtration 

Procca.s, 

Linseed (2 samples) 

0‘S-2*9 


JEaize ...... . , 

2-53 


Cotton seed (4 samples of difToront age) .... 

0*1 -6 -‘28 




0-99 

I'O 

,, .... 

2-0 

2*1 

)) ......... 

0*1 


Rape . 

2*15 


Croton (2 samjde.s) 

21 -08 


Castor (3 samplc.s) . 

0-0 


Olive 

2-0 4 


Ja[)an fish 

1*78 


Fi.sh, eontuining eoast cod oil, etc. .... 

9-22 


Cod liver, kept some year.s in bottle .... 

2-60 


,, fre.sh 

3-(;o 


Skate liver 

O'.Si) 


Sliark liver 

2-95 


Seal 

1 -.'ll) 


Horsc.s’ foot* 

4*07 


‘‘Animal” oil 

3*73 


Palm, containing 23*8 per cent free fatty acids 

2-31 


Sawarri 

1-07 


Cacao butter 

2 ‘80 


Palm nut, containing 13*88 per cent free fatly acids 

]9*.').'5 


„ ,, 

11 ‘4 


” 

1 1-n 


„ 

19-8<) 

20*33 

Cocoa nut, containing 9*9 per cent free fatty aeid.s . 

f 12-7 n 

1 12-29J 


.. 3*9 „ „ . 

20*9 



21*9 



28 *7 


, ... .... 

28-r>9 


,, containing 13*25 per cent free fatty aei^ls 

28-4 


jt . . • . • . . 

‘28-2 

30 0 

Japan wax (2 samples) 

30*4 


5-6-lO'Or. 


Lard 

6-6 


Beef marrow 

2-40 


Bone fat, containing 42*6 i»er cent free fatty acids . 

4 -22 


Tallow,. South American 

7-24 


,, home melt I. 

1*3 


„ „ It. 

4-8 

6 0 

„ 111. 

1*4 

1*7 

„ premier jus 

0-58 


Butter fat 1. 

49*3 


,, containing 0 '.'56 per cent free fatty acids II. 

4 3 -32 



41 -I 


. 

32-0 

31*3 

,, containing margarine, free from cocoa nut oil 

12*8 
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Irregularities in the results due to variations in the time allowed 
for distillation, the varying level of the liquid, etc., are said to bo 
avoided by employing a special contrivance designed by Amherger} 

It will be seen fi-om the table that in the case of those oils which 
in their fi-esh state have a very low Reichert value, the amount of 
volatile acids increases with age. This is especially exemplified by 
cotton seed oil and tallow. 

The absolute quantity of the volatile fatty acids can be found 
approximately by evaporating down tlic neutralised solution containing 
the potash salts of the volatile fatty acids to a small bulk, and finally 
drying in an oven to constant weight." By deducting from the weight 
thus found tlie weight of KgO calculated from the amount of potassium 
hydrate used for the neutralisation of the volatile fatty acids, the 
amount of anhydrides of the volatile fatty acids is obtained. From 
this the mean molecidar weight of the volatile fatty acids can be cal- 
culated (cp. Vol. II. Chap. XIV. Butter Fat ”). It should, however, 
be noted that this method does not yield strictly accurate results as the 
method is not free from errors (cp. also footnote 4, p. 525). 

The volatile acids to be considered lierc are the following : liutyric, 
caproic, caprylic, capiic, and also lauric. Butgric acid is completely 
soluble in water, whereas lauric acid is oidy slightly soluble in large 
quantities of boiling water. (Japric acid is almost insoluble in cold 
water. Caproic and caprylic acids occupy an intermediate })Osition. 
100 c.c. of water at 15^^ C. dissolve of caproic acid 0*882 grins., and of 
caprylic acid 0*079 grins. The solubilities vary considerably, however, 
in the case of mixtures of these two acids. The solubilities of caproic 
and caprylic acids in water increase so considerably with the lise of 
temperature, that they can be dissolved completely by largo quantities 
of boiling water. Hence the volatile acids have been considered by 
some chemists as being practically identical with the soluble acids. 

The demarcation between volatile and nou-volalile acids is not 
an absolute one, and much depends on the conditions under which 
the distillation is carried out ; for small quantities of insoluble acids, 
notably myristic and palmitic, acids, and even stearic acid, are carried 
over in the distillation pr ocesses of Folenske and of Milntz and Condon 
(see Chap. VI.) if only small quantities of fatty material are worked 
upon. Thus Arnold^ obtained in the case of tallow and lard small 
amounts of a “ volatile acid which was found on further examination 
to be nothing else than palmitic acid (see Vol. II. Chap. XIV. “ Lard,” 
“ Tallow ”). 4 

The several volatile fatty acids diller in their solubility in water. 
An approximate separation of the volatile fatty acids into 

(1) Soluble volatile acids, 

(2) Insoluble volatile acids 

^ Zclh.f. Unters. d. Nahrgs- u. Gemissm., 1909, xvii. 26. 

Cp. Femller and Frank, Zeits.f. angeio. Cheni., 1909, 256. 

® Zeits. /. Unters. d. Nahrgs- m. Oentmm., 1907, xiv. 151. 
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is attempted in the conventional Reichert process. As indicated on 
p. 417, the 110 c.c. of distillate obtained in that process are filtered ; 
thus the insoluble volatile acids, which have been carried over to some 
extent by the water vapours, are separated from the soluble volatile 
acids. The notes given on p. 418 show, however, that even the most 
readily soluble acid, viz. butyric acid, is not driven oil completely, 
whereas the mucli less soluble caproic acid is obtained almost completely 
in the filtered distillate. It must, therefore, be understood that varying 
quantities of tlie several “ soluble ” acids in the distillate liave a con- 
siderable influence on the relative solubility of each individual fatty 
acid. To illustrate this by a further example : In tlie case of cocoa nut 
oil, which contains no butyric acid, the 110 c.c. of distillate as obtained 
by Reichert's process are completely saturated ; this is indicated by 
the milky turbidity which the filtered distillate exhibits. 

In order to show tlie rate at which butyric, caproic, and caprylic 
acids are volatilised from their aqueous solutions the following table, 
due to Duchux, may be given. The percentage numbers were obtained 
in ten successive fractions of 10 c.c. each, when 100 c.c. were distilled 
off from 110 c.c. of the saturated solutions of the several fatty acids, 


Fraction. 

Butyric Acid. 

Cai)ryic Acid. 

Caprylic .Acid. 


Per OHUt. 

I’cr cent. 

Per cent. 

1 

17*1 

33-5 

-9 

2 

327 

.'ie-o 

78-0 

8 

46 -.5 

75-5 

91-0 

4 

58*5 

86-0 

93-0 

5 

68*8 

92-5 

95-0 

6 

77*5 

96*5 

96-8 

7 1 

84-3 

97-5 

97-8 

8 

90-2 

98-4 

99-0 

9 

94 '6 

99-3 

99-6 

10 

97 '5 

100-0 

100-0 


Soluble Volatile Acids 

In the absence of satisfactory methods for the determination of the 
soluble volatile acids a number of conventional methods, simulating in 
their importance the “ quantitative reactions,” have been suggested, 
especially with a view to the examination of butter fat. The following 
methods are examples of this kind. If carried out under strictly 
identical conditions, they furnish comparable results. It should, 
however, be distinctly understood that the “ soluble acids ” found by 
the following processes are not identical with “ volatile acids,” and that 
at best the tests described furnish only a measure of the dissolved acids, 
i.e. of the acids dissolved under the prescribed conditions, 

(1) Saponify ^ 4 to 5 grms. of an oil or fat as described Chap. VI. 
p. 379 ; thus the saponification value of the sample is found. The 
alcohol is then evaporated off, the soap is dissolved in water, and 

* Cp. Boiidzyuaki and Ilufi, Jmrn. Soc, Chem. Ind,, 1890, 44 
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decomposed with hydrochloric acid. The liberated fatty acids are 
washed on a filter with hot water, as described under “ Insoluble Fatty 
Acids.” The insoluble fatty acids are then dissolved in neutralised 
alcohol, and their neutralisation value is determined by titration with 
half-normal caustic potash. By subtracting this neutralisation value 
from the saponification value, the amount of potassium hydrate required 
for the neutralisation of the dissolved (“ soluble,” “ volatile ”) fatty 
acids is obtained. 

Exarn'ple . — For the saponification of 5 grms. of a butter fat 1130 
mgrms. of potassium hydrate (KOH) were used, and for the neutralisa- 
tion of the insoluble fatty acids 920 mgrms. were required. The differ- 
ence 1130-920 = 210 corresponds to the alkali required for the soluble 
fatty acids in 5 grms. of butter fat. Hence, 42 mgrms, of potassium 
hydrate (KOH) have been used per grm. of butter fat. 

If the mean molecular weight of the dissolved fatty acids be known, 
their absolute quantity can be calculated (cp. Chap. XI. p. 639). 

(2) Another method is based on the fact that the ratio between 
the (piantities of alkali rcciuisite for the neutralisation of the dissolved 
fatty acids on the one hand, and of the insoluble fatty acids on the 
other, is constant for ajiy given fat {Morse and Burton ^). 

These relative quantities are given in the following table : — 


Kind of Fat. 

Per cent KOH required for 

Insoluble Acids. 

Dissolved Acids. 

Butter fat I 

86%')7 

13-17 

(/'ocoa iiut oil, not washod j 

91-85 

8-17 

,, ,, washed with hot walo: . 

92-43 

7-42 

,, ,, ,, ,, dilute -soda . . | 

92-33 

7-45 

Cotton seed oil 

92-06 

7-76 

].ard 

95-96 

3-82 

Bcc'l' tallow 

96-72 

3-40 

Oleomargarine i 

95-40 

j 

4-57 


The following four standard solutions are required 

1. Hydrochloric acid, 1 c.c. of which is equivalent to 20 mgrms. 
KOH. 

2. Hydrochloric acid, 1 c.c. of which is equivalent to 2 mgrms. 
KOH. 

3. Alcoholic potash (prepared with 95 per cent alcohol) approxi- 
mately corresponding to acid No. 1. The strength of the potash 
solution must be determined accurately by titrating with the acid. 

4. Alcoholic potash, corresponding to acid No. 2. 

Tlie analysis is carried out as follows : — 


^ Jmrn. tSoc. Chem, Ind., 1888, 697. 
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Place from 1 to 2 grms. of the dried and filtered fat — the exact 
quantity need not be ascertained — in an Erlenmeyer flask of 250 c.c. 
capacity, and saponify with that amount of the strong potash solution 
which exactly equals 40 c.c. of the strong standard hydrochloric acid. 
Then add phenol[)hthalein, and titrate back the excess of alkali with 
tlic standard hydro(;liloric acid. (Thus the saponification value may 
be found.) Evaporate off the alcohol on the water-bath, and exactly 
liberate tiie fatty acids by adding just enough of the weaker standard 
acid ; this quantity is, of course, the difference between 40 c.c. and 
the number of c.c. used for neutralising the excess of alkali after 
saponification. Next fit the flask with a condensing arrangement, 
consisting of a glass tube about 400 mm. long and 5 mm. in diameter, 
liaving its upper end bent downwards, and attached to a small U-tube 
containing water. This is designed to prevent the escape of volatile 
acids during the heating, whicli is continued until tlie contents of tlie 
flask become clear. Then filter the solution, to wliich tlie liquid from 
the U-tubc is added, through thick, well-wetted paper, and wash tlie 
insoluble fatty acids until the filtrate measures 1000 c.c. Next dissolve 
the insoluble acids in 50 per cent alcohol, and titi’ate with tlie strong 
potash solution ; finally titrate the soluble acids with the weak potash 
solution. 

The ratio only between the two amounts of alkali being required, 
it is neither necessary to weigh the fat nor to know the absolute strength 
of the standard alkalis. 

(3) The French official method for the determination of “ volatile 
fatty acids ” in butter fat as prescribed by an Act of Ayiril 16, 1897, 
is based on earlier proposals by Dnpre} and is fashioneil after the 
Reichert-W ollny process. In this method 5 grms. of (butter) fat are 
saponified, and 400 c.c. of cbstillate arc collected, the condensed dis- 
tillate, as it comes over, being passed through a small filter, on which 
the insoluble volatile acids are collected. The 400 c.c. of filtered 
distillate are then titrated with a standard alkaline solution, and the 
number of c.c. used is calculated to butyric acid. 

For the details of the method, which must be rigorously adhered 
to in order to obtain comparable results, the*, reader is referred to the 
French edition of this work.^ 


Insoluble Volatile Acids 

The determination of the insoluble volatile fatty acids (left on the 
filter in the Reichert process and in the French official method), by 
weighing the residue left on the filter, must be out of the question, as 
the loss incurred on drying the acids is too great. This is exemplified 

1 Analyst, 1877, 87. 

^ Lewkowitsch, Technologic et A tudyse chimiques des Huiles, (Jraisses el Circs, Par is, 
1906, pp, 460-463. Cp. also Miintz and Condon's Method, Vol. II. Chap. XIV. 
“Butter Fat.” 
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by the numbers (ascertained in the author’s laboratory and) given in 
the following table : — 


Loss of Volatile Acids on drying on tJie Water-bath (LcAvlcowitsch) 



After J hour. 

1 hour. 

li houns. 

2 hoiirH. 

2i hours. 

Butyric . 

Per emit. 
16-88 

Per cent. 
28-96 

Per cent. 
31-20 

per cent. 

4.5*13 

Per cent. 

C;i])roic . 

2-18 

3-88 

4-54 

9*06 

10*47 

Caprylic . 

0-82 

1*24 

1*52 

2*41 

3*17 

Capric . 

0-12 

0*22 

0*29 

0*39 

0*51 

Laurie . 

i 

0-25 

0*26 

0*29 




The same difficulty which attaches to the complete determination 
of the soluble volatile fatty acids is also met with in the determination 
of the insoluble volatile fatty acids. The difficulty has been overcome 
by adopting the exiiedient employed in the Reichert process, i.e. by 
titrating a definite amount of insoluble volatile acids. This is done 
by the processes recommended respectively by Polenske and Milntz 
and Condon (sec Chap. VI. p. 425). 

It has been shown above, p. 427, why it is imperative to adhere to 
the ])rescribed quantities. The above given tables may be supple- 
mented by the following table reproducing a selection fi’om experiments 
made by Heiduschka and Pfizennieicr ^ with pure fatty acids. The 
influence of the quantity of substance taken is clearly brought out. 

^ Beilriige zur Chemie und Avnlysc der Fctte, Miinchen, 1910, pp. 11, 23. 


[Taulk 
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;rs are of course only due to the errors of the method and are to be taken as tantamount to nil. 
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With 5 grms. of caprylic acid and the usual amount of water and 
glycerin and dilute sulphuric acid as if the triglyceride had been used, 
the sum of the Reichert- Meissl value and tlie titration number of the 
insoluble volatile fatty acids was 171-3. This shows that the total 
amount of the fatty acids distilled over was only 49-3 per cent of the 
quantity taken. With 7 grms., the total sum of the Reichert- Meissl 
value and the titration number for the insoluble volatile fatty acids 
was 171-8; this shows that only 35-35 per cent of the total amount 
taken had distilled over. 

These methods require the strict observance of the most minute 
details. As tliey have been specially adapted to the examination of 
butter fat, the details will be given under the heading of “ Butter Fat ” 
(Vol. II. OJiap. XIV.), where further references to the method will be 
found with a view to detecting the presence of cocoa nut oil. 

Tlie differentiation of the insolul)I(^ volatile acids from the soluble 
volatile acids and the accurate determination of both is of the greatest 
importance in the examination of butter fat and the detection of cocoa 
nut oil and (or) palm nut oil therein, and in other edible fats generally. 

Stress has been laid on the fact that, notwithstanding their excel- 
lence the Reichert and PolensJce processes ojdy afford limited information, 
and in certain cases fail to sui)ply the desired answer. This is to some 
extent due to the feature that only part of the acids is recovered, and 
that even that part cannot be determined quantitatively with greater 
accuracy than is warranted by the approximate method described, p. 
417. Nevertheless, these processes enable us to establish chemically 
the difference between butter fat on the one hand, and cocoa nut and 
palm nut oil on the other with ease, and to ascertain the respective 
mean molecular weights of the volatile soluble and of the volatile 
insoluble fatty acids of these two kinds with sufficient accuracy for 
technical purposes. It is only when mixtures of these two kinds of 
fats are under examination that difficulties arise. More difficult still 
becomes the analytical problem when these two kinds of fats are ad- 
mixed with such fats as lard, tallow, cotton seed stearine — a problem 
which presents itself frequently in the examination of margarines and 
mixed edible fats. 

Hence endeavours are continuously made to extend and invent new 
methods of research. •The investigation of the metallic salts of the 
volatile fatty acids — silver salts, barium salts, zinc salts, cadmium salts — 
on the one hand, and of the ethyl esters on the other have been under- 
taken, but hithei’to no such practical method has been evolved as can 
be placed before the reader in this chapter. These methods will be 
considered in some detail in Chapter XII. In the following volumes 
it will bo shown under the headings “ Lard,” “ Butter Fat,” “ Mar- 
garine,” how far the problem can be solved with the aid of the methods 
described in this and the foregoing chapters. 
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6. Separation of Insoluble Saturated from Unsaturated Fatty 
Acids 

The presence of imsaturated fatty acids in the mixed insoluble 
fatty acids is detected in the readiest manner by determining the iodine 
value of the mixed fatty acids ; this method offers an additional ad- 
vantage in that it furnishes a measure of the unsaturated fatty acids, 
much as the iodine value of the oils and fats affords a measure of the 
imsaturated glycerides. 

If no definite iodine absorption be found, it is safe to conclude that 
imsaturated fatty acids are absent. 

The mixed fatty acids as obtained from the natural oils, fats, and 
waxes always have a definite iodine value. From it some preliminary 
information may be obtained by reference to the following table : — 


[Table 



VIII 


IODINE VALUES OF INSOLUBLE FATTY ACIDS 


539 


Iodine Falms of the InsoliiUe Fatly yields 

Oils and Fats 


Oil. 

Glass of Oil. 

Group. 

loUino 

Viiluo, 

210-G 

179-209-S 

144-159 

1G6 

142-7-144-1 

lGl-9-181-8 

160-7 

IGl -11 

157 

141 

160-G 

1G2 

162-G 

150 

148-5 

132-5-148'2 

MOT) 

139-M43-8 

138-142 

139 

143-1 

134-3 

124-134 

131-7 

127-3 

127-5 

121-5 

120-7 

191-193 

181-3 

174-3 

159-6 

165-1 

Peril la . 

Linseed . 

Tnnfr / Cliinese j 

Lallemantia . 

Candle nut 

Slillin'fia 

White acacia . 

Cedar nut 

Carden rocket . 

Hemp .seed 

Buckthorn 

Burdock . 

Gynocardia 

Walnut . 

Linaria . 

Satllower . 

Kaya 

Echinopa 

Soya bean 

Poppy seed . 
Manihot. 

Millet seed 

Sunflower 

Yellow acacia . 

Para rubber tree seed 
Service berry . 

Fir seed . 

Madia . 

Strawberry seed 
Raspberry seed 
Hawthorn seed 
Currant seed . 
Blackberry seed 

Drying oils 

1 

1 

1 

1 

i 


Cameline 

Semi-dryMig oils 

Cotton seed oil 

136-8 

Grape seed . ^ 


group 

99-135 

Celandine 



1-27-3 

Clover, red 



126-2 

,, white . 



122-2 

Water melon . 



122-7 

Maize (corn) . 



119-6 

Wheat . 



123 '3 

Beech nut 



114 

Kajwk . 



108 

Cotton seed . 



111-116 

Sesame . 



110-46 

Croton . 



111-6 

Curcas (purging nut) 



105-1 

Brazil nut 



108 

Tomato seed . 



129-6 

Mucuiia . 



112-9 

Sorghum 



101-63 
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Iodine Valnes of the Insoluble Fatty yields — continued 
Oils and Fats — continued 


Oil. 

Cla.s.s of Oil. 

Group. 

Iodine 

Value. 

Spiudle tree 



105-8 

Garden cress . 


It.ai)o oil group 

111-4 

Ravison . 



]2t)-l 

Rajio (colza) 



99-103 

Black niustard. 



109-6 

Wliitc mustard 



95-3 

Radish seed 



97-1 

Jamba 



96-1 

Quince . 

Non-drying oils 


121-6 

Cherry kernel . 



^ 109 

Cherry laurel . 



112-1 

Apricot kernel. 



103 

riiim kernel . 



103 (?) 

Peach kernel . 



91-101 

Alinotid . 



93-96-5 

Sant;uinella 



102-8 

Arachis . 



96-103 

Rice 



97-4-109 

Tea seed . 



90-8 

Tsubaki . 



83-7 

Sasanqua 



86 -1 

Pistachio . 



88 -9-96 -2 

Hazel nut 



87-5-90-3 

Elderberry 



93 

Olive 



86-90 

Calophyllum . 



92-2 

Coifec berry 


. 

•89-6 

Ungnadia 



• 86-5 

Paradise nut . 



1 72-3 

Secale 



75-8 

Canari . 



67-2 

Castor 


Castor group 

87-93 

Cod liver . 

Marine animal 

Liver oils 

130-5-170 


oils 



Seal 


Blubber oils 

186 -.5-201 

Whale . 



131-2 

Turtle 



119 

Brown fish 



126 

Chrysali-s 

Terrestrial 


135-8 

Egg.^ 

animal oils 


72-9 

Neat’s foot 



61-9-75-8 
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lodiiLd Valms of the Insoluble Fatltj Acids — continued 


Oils and Fais — continued 


Oil or Fat. 

Class of Fat. 

Group. 

Iodine 

V.-ilne. 

(Jhaulmootjra . 
Jlyilnouai'pu.s . 
raikrabo . 

Vegetable fats 

Chaulmoogra oil 
group 

«6-103 

106 -3 

87 -S 

Laurel 

Mowrali seed . 


I-aurel oil group 

81-8 

56 ‘6 

I^alm 

Cambogo butter 

Akee 

Macas.sar. 

Sawarri . 

Mal'ura tallow . 


Palm oil group 

53-3 

56 -4 -57 *8 
58-4 

50- 2 

51- 5 
47-5 

Nutiuog butter 

Ochoco . 

■ 

Myri.stica grouf) 

31-6 

1-47 

Mkaiiyi . 

Shea butter 

Kauil'mtaii tallow . 
Cacao butter . 
Chinese vegetable 
tallow . 
llornco tallow . 


Cacao butter 
group 

42*1 

55 ‘6-57 '2 
41-0 
33-39 

30- 55 

31- 5 

iMari[)a . 

Palm nut , 

Cocoa nut 


Cocoa nut oil 
group 

17 

12-0 

8 -4-9 -3 

Kusu 


Dika fat group 

5-1 

Blackcock 

Lyn.x 

Marmot . 

Uorso 

Hare 

Rabbit (wild) . 

Animal fats 

Semi-drying fats 

120 

in-8 

105-6 

84-87 

93-8 

101-1 

Rabbit (tamo) . 

Horae marrow . 

Goose (domestic) 

G 00 .SO (wild) . 
Chicken . 

Polecat . 

Human, adult . 

Lard 

Fat from wild boar . 


Non-drying fats 

64- 4 

71-8-72-2 

65- 3 
65-1 
64-6 
60-6 

64 

64 

81-2 
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Iodine Values of the Insoluble Fatty Acids — continued 


Oils and Fats — continued 


Oil. 

Class of Fat 

Group. 

Iodine 

Value. 

Dog . ' . 

Wild cat . 

Domestic cat . 

Beef marrow . 

Bono 

Beef tallow 

Mutton tallow 

Klk 

Ro('buck . 

Fallow buck . 

Stag . . . 

Animal fats. 


50-15 

58-8 

54- 8 

55- 5 

55 7-57 -4 
41-3 
34-8 
31-9 
28-9 

28-2 

23 -G 

Butter . 


Milk fats 

28-33 

Sperm oil 

Arctic sperm oil 

Liquid waxes 


83-2-85-6 

82-7 

Wool wax 

Solid waxes 

Animal waxes 

17 


The above iodine values refer to tlie mixed insoluhle fatty acids as 
prepared by the method described in Chapter III, p. 109. Hence the 
numbers given in the foregoing table do not necessaiily stand in strict 
correspondence with the iodine values of the natural oils, fats, and 
waxes from which they have been derived ; for the influence, which 
soluble fatty acids, as also mono- and di-glycerides in the original 
substances, exercise severally on the iodine values of the glycerides, 
disappears in the case of the mixed fatty acids. 

This will be seen at a glance on referring te the table given Chap. 
VI. p. 406, and comparing the iodine values of mono-, di-, and tri- 
glycerides with the corresponding iodine values of their fatty acids. 
It follows that it is not always permissible to calculate the iodine value 
of an oil or fat from the iodine value of its insoluble fatty acids ; in tlie 
case of waxes this is still less permissible. 

If only one unsaturated acid be admixed with the saturated acids, 
and the chemical composition of the unsaturated fatty acid be known, 
it is possible to calculate its absolute quantity from the iodine value, 
with the assistance of the table given Chap. VI. p. 406. Thus if a 
given mixture of fatty acids have the iodine value 45-035, and ^ it be 
known that the mixed fatty acids consist of saturated fatty acids and 
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oleic acid only, then the absolute quantity of oleic acid will be found 
from the following proportion : — 

90- 07 : 100 : : 45*03/> :x; per cent. 

Even if a mixture of two unsaturated fatty acids of known composi- 
tion, e.g. oleic; acid and linolic acid, be present, tlie respective amounts 
of oleic and linolic acids can be calculated from the iodine value of the 
mixed fatty acids, if the absolute quantity of the solid acids (and hence 
also of the unsaturated acids) be known. 

Such information would be furnished by a method permitting the 
(piantitative separation of the saturated from the unsaturated acids. 
The several methods proposed liitherto for this purpose will be de- 
scribed under {a), {b), and (c). 


(a) Separation based on the Different Solubility of Salts of Fatty Acids 
in Organic Solvents 

An analytical process for tlie separation of solid fatty acids from 
li([uid acids was first proposed by Gusserow ; ^ Yarrentrapp ^ was the 
first to employ this method for tlie separation of oleic acid. It is 
based on tlie solubility of the lead salts of the liquid fatty acids (oleic, 
linolic, linolenic, etc.) in ether, in which the lead salts of the higher solid 
fatty acids, e.g. stearic and palmitic, are practically insoluble, as will 
bo gathered from tlie following table : — 


1 Salt of 

100 C.C. of Ether di.ssolvo 

Observer. 


Grtns. 


ralniitio. acid . 

0 0184 

Lidoff3 

Stearic acid 

00148 

,, 

Mixed .stearic and palmitic 



acids (iodine value == 0 ) 

0'0150 (at 25’ C.) 

Tvvitcliell^ 


III former editions the author had pointed out that many observa- 
tions made in liis laboratory led him to the conclusion that lead myrist- 
ate, lead laiirate, and the lead salts of still lower saturated fatty acids 
were very appreciably soluble in ether. On the author's suggestion 
Neave made a study of the solubilities of the lead salts of caproic, 
caprylic, capric, lanric, and myristic acids, the results of which are 
given in the table Chap. HI. p. 142. There are also added therein the 
solubilities of the lead salts of palmitic, stearic, and oleic acids. 

It should be noted that the solubilities iu ether of the lead salts of 
the solid saturated fatty acids are much increased if the ether holds in 
solution notable quantities of lead salts of oleic and less saturated acids. 
Hence the Gusserow-Yarrentrapp process does not yield strictly accurate 

^ Liebiifs A tinal., 1828 (27), 163. “ 1340 ( 35 )^ 197 ^ 

f Berichte, 1893 (26), Ref. p. 97. < Jrnrn. Soc. Churn. In4., 1895, 616. 
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results, inasmuch as small quantities of the lead salts of saturated solid 
acids pass into the ethereal solution (as was shown first by Mulder ^), 
whilst lead salts of unsaturated fatty acids remain partly undissolved. 
Lewkowitsch ^ also has shown that a complete separation of the liquid 
from the solid acids cannot be thus effected. Therefore, the separation 
by means of the lead salts should be looked upon as a partial separation 
only. 

The lead salts of the saturated as also of the unsaturated fatty acids 
are more readily soluble in dry ether than in moist ether. If the latter 
is used, a larger amount of lead salts of the unsaturated acids remain 
undissolved, so that the percentage of solid acids is found too high. 
Again, on using dry ether, the results are a few per cent too low.^ 

It must further be borne in mind that the Gusserow-Varrentrap'p 
method effects chiefly the separation of insoluble solid from insoluble 
liquid acids, which is not tantamount to the separation Of saturated 
from unsaturated fatty acids, since the lead salts of the solid isomerides 
of oleic acid, viz. elaidic, “ isooleic,” pctroselinic, and cheiranthic acids 
are sparingly soluble in cold ether. This is especually the case with erucic 
acid (see below). This should be remembered as in the literature on 
this subject unsaturated fatty acids are very frequently considered as 
coterminous with liquid acids. It may be added tliat gadoleic acid, 
melting at 24-5'^ C., also yields a sparingly soluble lead soap. Gadoleic 
acid stands midway between oleic and erucic acids as regards the 
solubility of its lead salts in ether. 

The solubilities of the lead salts of fatty acids would thus point to 
the possibility of subdividing the latter into three groups : — 

(1) Fatty acids, the lead salts of which are practically insoluble in 
ether : palmitic, stearic, arachidic, behenic. 

(2) Fatty acids, the lead salts of which are sparingly soluble in cold 
ether : erucic, pctroselinic, “ isooleic.” 

(3) Fatty acids, the lead salts of which are easily soluble in ether, 
especially in warm ether : oleic, linolic, linolenic, clupanodonic. 

It is obvious that a quantitative separation of the three groups 
cannot be effected, if a mixture of the several fatty acids be present, 
not only because the line of demarcation covers too great a range of 
temperature, but especially because the solubilities of the lead salts of 
fatty acids which in their pure state are definite, are entirely different 
ones ^ in the presence of lead salts of unsaturated fatty acids, as pointed 
out above. In a large number of experiments made by the author on 
the lines suggested by the subdivision pointed out above (although 
quantitative results could not be expected), it was possible to resolve 
complicated mixtures of fatty acids approximately into three groups, 

^ Mulder, ('hcnde der (lustrockwndeii Oele, 18G7, p. 44 ((lermaii translation). 

2 Jovrn. Svc. (J/ievi. fnd., 1890, 845. Cp. Vol. II. Chap. XIV. “ Linseed Oil.” 

Fahrion, Zeitn. f. aiiijna. (‘hem., 1904, 1488. A table is given there showing that 
on treating tallow by the lead-salt-ether-nicthod under varying conditions, solid acids 
were obtained, the iodine values of which varied from 4-3 to 12*1. 

* Thus if only a few i)er cent of solid acids be i)resent no lead salts will separate 
from the ethereal solution. 
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a further examination of which, by applying other methods, enabled 
the author to gain a more complete insight into the composition of such 
mixtures than was hitherto possible by the mere separation of the lead 
salts by hot ether. 


Notwitli standing its drawbacks and restrictions in its application, 
the G-imerow-V arrenlrapj) method is at present the best at our dis- 
posal and may be considered a method of separating “ solid ” from 
lifjuid acids. This method has been modified by several observers. 
I omit the description of those modifications which yield somewhat 
ei-ratic results or have proved inconvenient in practical work, such as 
Oudemams} KreweVs,^ and Roscs^ proposed modifications. The 
reader must therefore be referred to the original papers (or to the 
second edition of tliis work, ])p. 193 and 191). I describe somewhat 
fully a^ combination of MiUer ami de Koaimjlis'^ modification with 
Lane s suggestion, amplified by such explanatory details in working 
the method as have been found useful in my laboratory. 

For the separation of “ solid ” acids from “ liquid ” acids, either 
the mixed fatty acids or their glycerides may be employed. In the 
latter case three to four grins, of tiio sample are siiponifiexf in the usual 
manner with 50 c.c. of approximately half-normal alcoholic^ potash in 
a 300 c.c. flask. Phenolphthaleiii is added, the solution is slightly 
acidified with acetic arid, and finally titrated with alcoholic potasii 
until neutral. The bulk of the alcohol is best driven ofi by distillation. 
When stai-ting with mixed fatty acids, they are neutralised with acjneous 
half-normal potash. The solution is then diluted with water to about 
100 c.c. Next 30 c.c. of a 10 \wr cent lead acetate solution are diluted 
with 150 c.c. of water, brought to the boiling point, and gradually run 
into the soap solution with constant shaking, so that the separating 
lead soap is luade to adhere to the side of the flask, when the solution 
cools. The flask containing the lead soap is filled completely with hot 
water, and then allowed to cool. When the liquid has become clear, it 
is poured off through a filter. Asa rule, the solution is so clear that no 
solid particles will be found on the filter ; should there be any, they 
must be brought back into the flask. The precipitate in the flask is 
washed thoroughly with boiling water, using the precaution to cool the 
hot solutions before filtcS-ing, tlius causing the lead salts to adhere to 
the sides of the flask. The last drops of water may be removed by 
means of a thin roll of filter paper. It is not advisable to dry the lead 
salts, as in the case of drying oils they absorb oxygen from the air 
somewhat rapidly. Next 150 c.c. of ether are added to the lead salts, 
and the flask is corked and shaken repeatedly, so that the lead salts may 
disintegrate. The flask is then attached to a reflux condenser and 
heated on a water-bath for some little time with frequent shaking. 

^ Journ. /. prald. Cliem. 99, 407. - Pharm. CcntrnUi. 5, 337. 

•' Journ. Soc. Cliem. hid., 1887, 306. •» Analyst, 1889, 61. 

® Journ. Anier, Chem. Soc., P’ebruaiy 1893. 

^ The alcohol should Ijb pure, for impure alcohol is likely to lead to low iodine values 
of the un.saturatcd fatty aciiLs (Wesson and Lane, Journ. Soc. Chem. Ind., 1905, 714). 
VOL. I * 2 N 
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The lead salts of the liquid fatty acids dissolve readily in the hot ether, 
conjointly with some portions of the salts of the saturated acids. When 
the undissolved salts (if any) settle out at the bottom of the flask as a 
fine powder, the heatinjif is interrupted. If all operations are conducted 
somewhat rapidly, and unnecessary exposure to the air is avoided, 
working in an .atmosphere of an inert gas can be dispensed with. The 
ethereal solution is then allowed to cool down to the ordinary tempera- 
ture and filtered through a plaited filter, kept covered with a watch-glass, 
into a separating funnel. The insoluble salts are brought on to the 
filter by washing the flask three or four times with ether, using 30 c.c. 
each time. Tlie ethereal solution is then shaken with a mixture of one 
part of hydrochloric acid and four parts of water, in order to decompose 
the lead salts. The ether dissolves the free fatty acids as they are 
liberated, whilst the undussolved lead chloride settles out at the bottom 
of the separating funnel. After separating into two layers, the acid 
liquid is drawn off and the ethereal layer washed with small (piantities 
of water until the wash-w.ater is free from acid. Finally, the ethereal 
solution is filtered through a small plaited filter ^ into an ordinary flask. 
In case the liquid fatty acids consist chiefly of oleic acid, the result 
will be sufficiently accurate if the ether is evaporated off on the water- 
bath and the residue dried in a water oven. If, however, the presence 
of less saturated fatty acids (as in linseed, soya bean, maize, and marine 
animal oils) than oleic is suspected, the ethereal solution sliould be 
distilled off in a current of dry hydrogen or dry carbon dioxide. The 
flask is then immersed up to the neck in warm water, which is finally 
brought to the boiling point. Thus the last traces of moisture are 
removed. 

This modus operamli has been found preferable to the use of a 
Muter tube (which involves making up the ethereal solution of the 
liquid fatty acids to 250 c.c., and determining the acids in an aliquot 
portion), as the drawing off of the ethereal solution is very apt to lead 
to errors. If it be desired, in special cases, e.g, for the subsequent 
determination of the iodine value of the liquid fatty acids, to avoid 
exposure to the atmosphere during the weighing out of a portion of the 
liquid acids, the ethereal solution of the liquid fatty acids may be made 
up to a volume of 2(K} or 250 c.c, 50 c.c. are then taken out by means 
of a pipette and transferred to a stoppered bof.tle ; the ether is evapor- 
ated ofl in a current of hydrogen or carbon dioxide. Then a standard- 
ised iodine solution is introduced and the iodine absorption determined 
in the usual manner. In this case the weight of substance taken is 
best determined in another portion of 50 c.c.,^ which is treated in the 
manner described above. It will thus be seen that at the same time 
the iodine value of the liquid fatty acids can be ascertained. In fact 
this should be always done, since very valuable information as to the 
nature of the liquid fatty acids is derived from their iodine values. In 
the case of drying oils it is imperative to drive off the ether in a current 

‘ We.sson and Lane {Journ. Soc. Che?n. Jnfl., 1905, 715) recommend to use a Biichner 
filter. 

Cp. V. Kaumer, Zeits. f, angm. 1897, 210 ; 247. 
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of hydrogen or carbon dioxide, as will be gathered from the following 
numbers obtained in my laboratory by J. H. Walker : — 


Oil. 

lodiiio Value of the Liquid Fatty Acids. 

Ether distilled off without 
using an Indifferent Gas. 

Ether distilled off in a 
current of Carbon 
Dioxide. 

Linseed .... 

204-7 

209-8 

Candle nut 

183-0 

186-7 


It is advisable to isolate the ‘‘ solid ” fatty acids Ii’om the lead salts, 
and determine their weight. This will ]>rovide a chock for the accuracy 
of the analysis, as the sum of the “ solid ” and “ liquid ” acids should 
furnish approximately the weight of the original fatty acids. Further- 
more, the iodine value of the ‘‘ solid ” acids will indicate how much of 
the liquid acids has remained undissolved. The acids may tlien be 
further examined by ascertaining their melting point, mean molecular 
weight, etc. 

It must be pointed out that the isolation of the “ solid ’’ fatty acids 
from their lead salts is not an easy operation with acids of lu’gli melting 
points (palmitic, stearic, arachidic, behenic, etc.), as the solid fatty acids 
readily occlude undccomposed lead salt, so that the mineral acid cannot 
readily attack tliem. Hence frecpient boiling up is required, to remove 
the last trac'os of metal. The acids should not be considered free from 
*metal, unless examination has showji them to yield no ash on incinera- 
tion. 

In order to show tliat only an approximate separation is effected 
by this jnethod, I give in the following table some results obtained in 
my laboratory by II. E. Clapham : — 


Substance. 

Weight 

used. 

G. 

Ether 

Volume. 

Temperature at 
which Ether 
Solution 
was kept. 

Liquid 

Patty 

Aeid.s. 

Per 

cent. 

Solid 

F.atty 

Aci'l.s. 

I’er 

cent. 

Iodine Value of 
Acids. 

Loss. 

iVr 

cent. 

Liciuid. 

Solid, 

Cocoa nut 
oleine 

3-3821 

.3-3931 

200 C.C. 
200 C.C. 

16”- 18“ C. 
15“-18“ 0. 

‘24 -.36^ 
24-76 


37-35 

36-10 


Whale oil 

3-2791 

8-8124 

76 C.C. 
76 C.C. 

44“F.==6-7“C. 
44“F. = 6-7"C. 

77- 28 

78- 76 

19-78 

17-93 

126 -S6‘^' 
1-26-08 

21-35 ' 
19-77 

2- 94 

3- 31 


The accuracy of the results depends on the temperature to which 
the ethereal solution is cooled and also on the quantity of ether used ; 

1 If the soluble acids have not been removed by washing, they will be found to the 
largest extent in the ethereal solution. 

^ For the true iodine value cp. p. 562. 
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by varying these two factors different results are obtained. Losses 
amounting to several per cent are not easily avoidable. From the 
second series of experiments the conclusion must be drawn that too 
little ether was used, but even on employing larger quantities it is not 
possible to free the “ solid ” acids completely from the unsaturated 
acids (cp. Vol. 11. Chap. XIV. “ Linseed Oil ”). 

If larger quantities of ether be used, more of the lead salts of saturated 
acids pass into the ethereal solution. 

In place of ether, other solvents, such as petroleum ether boiling 
below 80° C. (Twitchell^), and benzene {Farnsteiner^), have been 
proposed. An important observation with regard to petroleum ether 
was made by Lane,^ who found that lead ricinoleate is insoluble 
in low boiling })etroleiim ether. It is therefore possible to separate 
ricinoleic acid from other unsatiirated fatty acids (cp. below, p. 580). 
The solubilities of tlie lead salts of some fatty acids are given in Neave's 
table reproduced Chap. HI. p. 142. 

FarnsUuner's method is based on the solubility, at the ordinary 
temperature, of the lead salts of “ liquid ” fatty acids in benzene^ 
wherein the lead salts of “ solid ” fatty acids are practically insoluble 
at temperatures below 8° or 12° C. At a somewhat elevated tempera- 
ture even these salts dissolve in benzene, but on cooling to 8° or 
12° C. they separate out in a crystalline form admitting of their being 
readily filterecl off. Thus it was found that 100 c.c. of benzene dis- 
solved only 0-0032 grm. of the lead salts of the solid tallow fatty acids. 
The solid acids, pre})ared by repeated crystallisation of the mixed fatty 
acids from alcohol, melted at ()2°-()4° C. 

The lead salts arc prepared as described above, and then dissolved 
in warm benzene, using 50 c.c. of the solvent for about 1 grm. of oil. 
On cooling to the onbnary temperature a crystalline deposit separates ; 
the .solution is then kept for two hours at a temperatuv(5 from 8°-12° C. 
The .supernatant liquid is best .syphoned off by means of a small thistle 
funnel, covered with a piece of fine calico (to retain the crystals), and 
bent twice at right angles so that it may be fitted into a suction bottle 
connected with a filter pump. (This is preferable to Farnsteinerfi 
proposal to force out the liquid by means of air pressure.) The precipi- 
tate is washed with 10 c.c. of benzene at 10" C., and again dissolved in 
25 c.c. of warm benzene, cooled as before, and the solution filtered off 
in the manner described. This operation may be repeated a third time 
so that there are obtained finally from one grm. of oil about 120-130 c.c. 
of a solution containing the lead salts of the liquid fatty acids. The 
free fatty acids are prepared as de.scribed above. 

If benzene free from thiophene be used, the method would offer 
an advantage for the determination of the iodine value of the un- 
saturated fatty acid.s, in that the solvent need not be driven off. This 
would render this process more convenient than the one described 

^ Jmm. Soc. Chan. Ind,, ISQ.*), 515. 

2 Ibid., 1898, 804 ; Xeils./. Unters. d. Kahrys- u. (Jenussm., 1898, 390. 

^ Journ. Hoc. Gkem. Ind., 1907, 597. 
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above, provided the quantitative results were better than, or at least 
equal to, those detailed above. The author calculated, however, from 
the data given by Farmteiner that the losses, after applying tlie proper 
eorrections, amount in some cases to 5-8-9-6 per cent. Hence, in the 
author’s opinion, preference should be given to the lead-, salt-ether 
method. Possibly better results would be obtained if test experiments 
were made with larger quantities than were employed by Farmteixer, 
who worked with 0-5 to 1-0 grm. of mixed fatty acids. 

It should be pointed out, in view of some statements contained in tlie 
more recent literature on this subject, that it is impossible to generalise 
and, as has been done by some authors,^ draw the conclusion that 
because in a certain case the benzene method yielded better results 
than the lead-salt-ether method, the latter should be abandoned in 
every case. It seems that so much depends on the composition of the 
fatty acids in the individual oils and fats that each case must be con- 
sidered on its own merits. It is therefore desirable that in the examina- 
tion of fatty acids by the foregoing methods both the lead-salt-ether 
method and the benzene method be examined side by side. Thus 
statistical data would be gathered which might point to a generalisation, 
or at least to a rule, defining which groups or clas>es of oils and fats 
are more satisfactorily examined by one than by the other method. 
Possibly also in the case of the benzene method, the fraiitional separation 
of the lead salts at diflerent temperatures might lead to an approxi- 
mate separation such as has been indicated above in setting out the 
three groiq)s of fatty acids obtained by applying cold and hot ether 
respectively (see p. 544). 

If it be merely required to isolate the “ liquid ” fatty acids for 
further examination (such as the determination of their iodine value), 
the process worked out by TortelU and Ruggeri,'^ combining the ad- 
vantageous features of the foregoing methods, should be employed. 
This method has been exteiisiv(4y used in the author’s laboratory, 
and can be recommended as giving reliable results. Unfortunately 
the process does not lend itself to the quantitative determination of 
the liquid fatty acids. TortelU and Riiggeri operate as follows : — 
20 gnus, of the sample are saponified with 15 c.c. of an aqueous 50 per 
cent caustic potash solution and 45 c.c. of 95 per cent alcohol. The 
excess of caustic potash is neutralised with acetic acid, phenolphthalein 
being used as an indicator. In a half-litre flask 3(X) c.c. of 7 per cent 
lead acetate solution are heated to boiling, and the soap solution is 
poured into it in a thin stream, with constant agitation. The flask is 
immersed in cold water and kept therein for about ten minutes, again 
with (constant agitation. When the supernatant lifj[uid has become 
clear, it is poured off and the lead soap washed three times with 200 c.c. 
of warm (not boiling) water. The soap is allowed to cool and the drops 
of adliering water are taken off with filter-paper. 220 c.c. of ether are 

^ Mattlies ami Serger, Anhiv. d. Pharm., 1909 (247), 424 ; Mattlies ami Boltze, 
ihiil., 1912 (250), 220. 

2 L'Orosi, April 1900. 
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then poured into the flask, the mass is thoroughly agitated, and warmed 
'in a water-hath for twenty minutes until the ether just begins to simmer ; 
the flask is shaken continuously in order to detach all soap from the 
sides and bottom. The flask is then immersed in cold water of 8°-10° C., 
and kept therein for two hours. The liquid is next filtered through a 
plaited filter into a 200 c.c. flask having a narrow neck. This flask is 
filled completely with ether, then well corked and left immersed in 
running water for twelve hours. As a rule, some precipitate will settle 
out. The ethereal solution is then poured through a filter into a 
separating funnel, and the lead soap decomj)osed with 150 c.c. of 
20 per cent hydrochloric acid. After running off the pi’ecipitated lead 
chloride and the aqueous solution, the ether is again shaken with 
KX) c.c. of hydrochloric acid. The ethereal solution is then washed 
with 150 c.c. of water, and finally poured through a plaited filler into a 
flask of about 300 c.c. capacity. Next the ether is distilled off so far 
that 40 to 50 c.c. remain in the flask. This solution is poured into 
another flask of about 100 c.c. capacity, fitted with a good cork, and 
the flask is immersed almost completely in a water-bat] i. A current 
of dry carbon dioxide is then passed througli the ethereal solution and 
the water-bath heated until the ether is driven off. 

The iodine numbers of the unsaturated fatty acids so prepared ai’e 
the highest found hitherto, and for that reason must be accepted as 
being nearest to the true ones. As has been pointed out already, this 
method does not admit of the (juajititative separation of the saturated 
from the unsaturated acids. Tims in the preparation of the whale 
oil liquid fatty acids, the iodine value of which was found to be 144*6, 
the undissolved lead salts yielded acids liaving as high an iodine value 
as 70-0. 

A method for the separation of “ solid from “ liquid ” fatty acids, 
based on their different solubility in acetone at the fj'ce/ing point of 
water and the behaviour of their sodium and potassium salts, does not 
appear to furnish sufficiently satisfactory quantitative results to be 
treated here in detail. The reader must, therefore, be referred to the 
original paper of Fachini and Dorta} 


(h) Separation hy means of Sulphuric Acid and Sulphofalty Acids 

A method of separating saturated from unsaturated fatty acids, 
based on their behaviour to sulphuric acid, was proposed by Twilchell.^ 
Whereas the saturated acids are not changed chemically by concentrated 
sulphuric acid, oleic acid and the less saturated acids combine with 
concentrated sulphuric acid to form compounds (cp. Chap. III,). 
Although these are completely insoluble in petroleum ether, whereas 
the unattacked saturated acids dissolve in this menstruum, a method 
of separation cannot be based on this difference in solubility, since all 

* Chem. 1912, 77. 

2 Jcnirn. Soc. Chem. Ind., 1897, 1002 ; cp. U.S.A. imteiit 918,012 (1909). 
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fatty acids are more soluble in concentrated sulphuric acid than in 
petroleum ether. Better residts were obtained by Twilchell when 
employing an 85 per cent sulphuric acid, which still forms a chemical 
compound with oleic acid. The author, however, has shown ^ that this 
method does not lead to quantitative results ; hence it can only be 
employed for qualitative purposes. 

Lanza (cp. Vol. III. Chap. XV.) found that a dilute solution of 
stearosulphuric acid is capable of dissolving oleic acid from a mixture 
of saturated acids and oleic acid, the saturated acids remaining un- 
dissolvcd. Twitchdl ^ claims the san»e property for na})hthalene 
stearosulphuric acid (see Chap. II. p. 88, and Vol. III. Chap. XV.). 
Lanza's method of separation is employed on a large scale, hut an 
investigation with a view to using the reaction for analytical purposes 
has not yet been made. 


(c) Separation by means of the Ammonium Salts 

Falciola ^ bases a method of separating oleic acid from steai'ic and 
palmitic achls upon the different solubilities of tiicir ammonium salts 
in alcohol (Chap. III. p. 110). The mixed fatty acids are dissolved in 
warm other, the solution treated with ammonia gas, and then allowed 
to cool down to the ordinary temperature. The ether is eva])orated 
off, and the residue thorouglily mixed with four times its volume of 
amnioniacal alcohol, at about C. The precipitate is filtered off with 
the aid of a pump, and washed with the smallest possible quantity of 
chilled absolute alcohol. The filtrate and the washings are decomposed 
with dilute hydrochloric acid, the solvent evaporated off, and the 
liberated “ liquid ” fatty acids washed, dried, and weighed. The 
ammonium salts of the “ solid ” fatty acids left on the filter are treated 
with hydrochloric acid and the separated fatty acids determined in 
the usual manner. In two test experiments given by Falciola in 
which 60 and 49-6 per cent of oleic acid had been used, there were 
obtained 63-8 and 49-7 per cent respectively of oleic acid. The re- 
covered “ solid ” acids amount to 36-20 per cent and 50*3 respectively 
instead of 40 per cent and 50-4 per cent taken. The total amount 
of both liquid and solhh acids recovered was 102 per cent and 98 per 
cent respectively. 

David also bases a method of separating “ solid ” from “ liquid ” 
acids on the solubility of the ammonium salts of the liquid acids in 
aqueous ammonia. He claims for this method such an extraordinary 
accuracy that, on the one hand, 1 per cent of oleic acid may be 
detected when associated with 99 per cent of sglid acids, and on the 
other hand 1 per cent of a solid fatty acid in admixture with 99 per 
cent of oleic acid. David directs to dissolve 2 grms. of mixed fatty 
acids in 5 c.c. of warm 95 per cent alcohol, and to add 50 c.c. of ammonia 
at 22° C. The solution should then be warmed until ammonia escapes. 

^ Lewkowitscfi, Analyst, 1900, 64. '■* Journ. A?ner. Ghem.. Soc., 1906, 196. 

3 Gazz, Chim. ital., 1910 (40), 217. Goinpt rend., 1910 (151), 756. 
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The solution is allowed to stand at 14° C. (not over 15° C.) and then 
filtered when the ammonium salts of the solid fatty acids are stated 
to remain quantitatively on the filter, the ammonium salt of oleic acid 
passing into the filtrate. 

Experiments made in the author’s laboratory (by Stadler) showed, 
however, that this method is less accurate than the lead-salt-etlier 
method. 

Partheil and Fcrie ^ proposed to separate saturat ed from unsaturated 
acids hy means of their lithium salts (cp. table, p, 139). This method 
was described in the third edition of this work, p. 353, but is omitted 
here, as Fahrionf" and also Farnsteiner,^ have shown that the results 
obtained thereby are untrustworthy. 

Methods based on the difi'erent solubilities of the unsatiirated acids, 
on the one hand, and the saturated acids on the otlier, in alcohol and 
in mixtures of alcohol and benzene (cp. Vol. 111. Chap. XV.) have not, 
up to the ])resent, yielded useful results. 


6. Separation and Determination of Individual Solid Fatty 
Acids — Erucic Acid, Saturated Fatty Acids 

The “ solid ’’ acids obtained on se})arating off the “ lupiid ” acids 
by means of the lead-salt-cthcr method are but rarely free from un- 
saturatcd acids, in the case of rape oil or mixtures containing ra])C 
oil, the *’ solid ” acids contain erucic acid (and in the case; of nuirine 
animal oils, gadoleic acid). A measure of the unsaturated acids can 
bo obtained by ascertaining the iodine absorption of the acids isolated 
from the insoluble lead salts. As a rule the iodine value of the mixed 
‘‘ solid ” acids, if free from erucic (ajid gadoleic) acid, will lie in the 
neighbourhood of 10. In this respect the following table, due to TortelU 
and Fort ini f is instructive : — 

^ Arch. tl. rhari)!., lUO.*], 552. 

- Zcits.f, (infjcir. Chon., 14S2. 

•’* Zeitti. f. tJjiter.s. d. Kohnift- ii. (I'cnu.'iset., 1901, viii. 29. 

(Jhewi Zdt., 1910 , 690 . 
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“ Solid ’’ Fatty Acids. 



leiliiio Value. 

Melting Point. 

I ^ c. 

Olive oil 

7-8 

58-59 

Rape oil 

Olivo oil, 50 parts) 

Rape oil, 50 parts j ' ‘ ' 

020 

320 

41-42 

47-48 

Olivo oil, 70 parts) 

Rape oil, 30 parts j 

28-0 

48-49 

i Olive oil, 80 parts ) 

Ra]}e oil, 20 parts) 

(Jlivo oil, 90 parts I 

22 1 

128 

50-51 

64-55 

Rape oil, 10 parts J ‘ ' 

Scsam6 oil 

9-3 

55-50 ! 

Arachis oil 

130 

57-58 ! 

Cotton seed oil .... 

1 19-0 

57-58 1 


For ]3ui‘))osos of tocliiucal examination it is preferable to work 
witli the soiid ” acids, instead of the original mixed fatty acids. 

Experiments made liy the author, with a view to removing the 
adliering nnsaturated fatty acids liy converting tlicm into their iodo- 
chlorides and separating the hitter by crystallisation from the saturated 
fatty acids, have not led to satisfactory results. 

A much more satisfactory method, employed by the author, consists 
in converting the adhering nnsaturated fatty acids by catalytic reduc- 
tion with hydrogen into saturated acids ; in most cases, i.e. when oleic, 
linolic, linolenic, and clupanodonic acids are present, tliere would be 
produced stearic acid, the quantitative determination of which can be 
carried out (see below). If ricinoleic acid be present the prodiud- 
would be hydroxystearic acid or stearic, acid (see Chap. III. p. 145) ; 
and if erucic acid be pi’csent its (piantity can be determined as behenic 
acid. 

Defenfi innlioii of Erxicic Acid 

It lias been noted above that the lead salt of erucic acid is sparingly 
soluble in cold ether ; hence if the extraction of the lead salt be carried 
out with cold ether, tlu^bulk of erucic acid would be found with the 
solid saturated acid (cp. p. 544). If no other nnsaturated acid be 
present, the determination of the iodine value of the solid acids would 
furnish an approximate measure of the erucic acid. In consequence 
of the high prices ruling for linseed oil in the years 1911 and 1912, the 
problem of detecting rape oil in linseed became prominent, and hence 
methods of determining erucic acid, the most characteristic acid of 
rape oil, had gained in importance. Methods for this purpose were 
proposed by Holde and Marcusson on the one hand, and Tortelli and 
Forlini on the other ; both methods are very cumbersome and will 
hardly yield quantitative results. 

Tortelli and Fort ini ^ saponify 20 grms. of oil in the manner indicated 
1 Chevi. Zrit., 1910, 690. 
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under “ lead-salt-ether ” method (p. 545), and treat the lead salts in 
the flask with 20 c.c. of common ether, warming the salts tvitli the 
ether under a reflux condenser and cooling the corked flask for one 
hour at exactly 15” C. The clear solution is Altered, care being taken 
that no solid lead soap is brought on to the filter. The contents of 
the flask are treated with 40 c.c. of ether under a reflux condenser in a 
water-bath, the flask is corked and again allowed to stand one hour 
at 15” C. The solution and the insoluble soap are poured on to the 
filter through which the first solution has been filtered, and the 
residue in the flask is transferred on to the filter with the aid of 
40 c.c. of ether. Both the “ liquid ” and the “ solid ” acids are then 
isolated in the usual manner, and the “ solid ” acids examined for the 
presence of erucic acid by determining the melting point and the iodine 
value of the “ solid acids, and the “ characteristic critical tem])era- 
ture ” (Chap. XII.). Tortelli and Fortini lay stress on the necessity 
of using the exact quantity of ether stated above, and of maintaining 
exactly the temperature of 15” C. for the time stated above. This 
seems to be very important, as Jlolde and Marcusson ^ state that by 
prolonged treatment of the lead salt of the fatty acid, the lead salt of 
erucic acid passes entirely into the ethereal solution. Thus when 
3 grins, of the mixed fatty acids of ra])e oil had l)een treated with 
85 c.c. of dry ether, after standing overnight, only a small ([uantity of 
lead salt had remained insoluble. Worse still w^ere the r(^sults in the 
case of a mixture containing 80 per cent of linseed oil and 20 ])er cent 
of rape oil. 

Holde and Marcusson propose the following process ; — 

20-25 grins, of the mi.xed fatty acids are dissolved in double the 
volume of 96 per cent alcohol, and cooled to - 20” C. in a wide test-tube, 
whilst the mass is stirred with a glass rod. The residue which separates 
consists preponderantly of saturated fatty acids ; it is sucked off on a 
filter at a temperature of - 20” C. and is slightly washed with cooled 
alcohol. The filtrate is evaporated to dryness and the residue again 
dissolved in four volumes of 75 per cent (by volume) alcohol, and again 
cooled to - 20” C. In the presence of erucic acid, after about one hour 
a crystalline preci])itate will settle out, which after sucking off with 
the aid of a filter-pump and washing with cooled 75 per cent alcohol, 
is white and consists, to the largest extent, of erucic acid. This is 
dissolved in warm benzene or ether, the solution is evaporated down, 
and the mean molecular weight, the melting point, and the iodine value 
of the fatty acid determined. In case the proportion of erucic acid 
be very large, part of the erucic acid is found with the saturated fatty 
acids. 

Possibly a combination of the two methods described may lead to 
better results than each individual method is capable of yielding. 

Much better results are obtained by a method worked by the author, 
details of which have not yet been published. The author reduces 
either the total mixed acids or the “ solid ” acids catalytically with 
hydrogen in the presence of nickel, when erucic acid is converted 
^ Zdts.f, angew. (Jhem., 1910, 1260. 
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quantitatively into behenic acid. The importance of the determina- 
tion of behenic acid will be dealt with in Vol. II. Chap. XIV. “ Marine 
Animal Oils,” and Vol. III. Chap. XV. “ Hydrogenised Fats.” 

Since oleic, linolic, linolenic, and clupanodonic acids have been 
removed as lead salts almost completely by cold ether, the only 
remaining imsaturated acid would be erucic acid. Its reduction 
product, viz. behenic acid, could then be determined by the method 
described below under stearic acid, when (stearic acid and) behenic 
acid will remain undissolvcd. The separation of behenic acid from 
stearic acid may be carried out by crystallisation from alcohol, etc, 
(see below), but it is sufficient in most cases to determine the mean 
molecular weiglit and calculate therefrom the respective amounts of 
behenic and stearic acids. Any stearic acid present at the outset can 
be determined as such and accounted for in the final result. 

Laboratory apparatus suitable for catalytic hydrogenation has 
been proposed by Skita ^ and by Voswinckel.^ 


Solid Saturated Acids 

Tlio resolution of the mixed saturated fatt) acids wliich occur in 
the natural oils, tals, and waxes into the individual acids is a very 
complicated problem, whicli can only be solved satisfactorily by adopt- 
ing the strictly scientific methods described in Cliaptor XJI. With 
regard to Heintz's method, described in Chap. XII., it may be pointed 
out here that it would only seem to apply to a mixture of two fatty 
acids, as, according to Holde,^ the presence of a third saturated acid 
of high melting point may lead to uncertain results. 

Better results may, however, be expected by converting the fatty 
acids into their methylesters, and distilling these fractionally (cp. 
Chap. XII.). 

For technical purposes, tliese methods are too complicated in their 
present form. Valuable information may, however, be obtained by 
determining tlie mean molecular w'eight of the fatty acids (cp. Chap. 
VIII. p. 512), and especially the melting point (see Chap. III.). An 
approximate method of separathig tJie fatty acids of a higher melting 
point than that of ste4iric acid is afforded by fractional crystallisation 
from alcohol. Carnaubic, cerotic, montanic, and melissic acids are 
practically insoluble in strong alcohol at the oi'dinary temperature ; 
arachidic acid is sparingly soluble in 00 per cent alcohol, and practically 
insoluble in 70 per cent alcohol at the ordinary temperature ; behenic 
and lignoceric acids are slightly less soluble than arachidic acid. The 
acids enumerated here may therefore be separated from the saturated 
fatty acids lower than stearic acid, and even including stearic acid, 
by judicious treatment with alcohol. Preliminary experiments made 
by the author in this direction established the correctness and approxi- 

1 A. iSkita, Uber katalytische Redudionen organisclicr Verbindunyen, 1912. 
Stuttgart. 

^ H. Voswiiu’.kel, Vhem. 1913, 489. 

8 Berichte, 1905, 1248. 
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mate reliability of the method for the jDurposes of technical analysis. 
Such methods are already in use for the detection of stearic acid in the 
presence of cerotic acid (see Vol. II. Chap. XIV. “ Beeswax as also 
for the presence of arachidic acid (see Vol. If. Chap. XIV. ^ Arachis 
Oil ”) in admixture with other acids. 

Gsell ^ stated that by treating a mixture of stearic, palmitic, myj istic, 
lauric, capric, caprylic, and caproic acids in dilute ethereal solution 
with acetyl chloride, the first four acids form their normal anhydrides, 
viz. stearic, palmitic, myristic, and lauric anhydrides, whereas the last 
three acids yield mixed anhydrides of acetic acid with capric, caprylic, 
and caproic acids respectively. On warming the mixture of the normal 
and mixed anhydrides with pyridine, and pouring the pyridine solution 
into a large quantity of water, the normal anhydrides, being insoluble 
in water, separate out, whereas the mixed anhydiidos are stated to 
remain in aqueous solution ; hence they can bo separated from the 
undissolved anhydrides. For the further separation of capric, caprylic, 
and caproic acids by means of their acid chlorides in a 10 per cent 
solution of methylamiue, wherein capric acid is insoluble, and for the 
subsequent separation of caprylic and caproic acids by means of their 
strontium salts, the reader must be referred to the original paper. 

A confirmation of OselVs statements would seem to be desirable, 
all the more so as the present author‘d did not obtain a mixed anhydride 
when treating capric acid with acetic anhydride. 


{a^ Determination of Belie nic Acid 

Behenic acid is characterised by its comparative insolubility in 
cold alcohol. It would separate out together with stearic acid (see 
below). Its approximate determination is carried out as indicated 
under “ Determination of Frucic Acid.” 

{!}) Determination of Arachidic Acid 

The approximat (5 determination of arachidic acid (frequently 
required in the examination of olive oils suspected of containing arachis 
oil) is carried out by lienard's^ process based on the sparing solubility 
of arachidic acid in 00 per cent alcohol. The crude arachidic acid so 
obtained contains lignoccric acid but no stearic acid. The accurate 
determination of arachidic acid depends on the strict observance of a 
number of details, which will be fully described in Vol. II. Chap. XIV. 
under “ Arachis Oil.” For the detection of arachidic acid in 
“ Hydrogenised Fat ” cp. Vol. III. Chap. XV. 

(c) Determination of Steanc Acid 

On triturating the mixed fatty acids from a solid fat with dilute 
alcohol of specific gravity 0-011 in a mortar, the unsaturated fatty 

^ Chem. Zeil., 1907, 100. “ Ijcwkowitsch, Proc. Chem. aS'oc., 1890, 91. 

^ (Joinpt. rend, 78, 1330. 
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acids are almost completely dissolved ; palmitic acid is partially 
dissolved, whereas stearic acid remains almost completely undissolved. 
In an actual experiment the mixed solid acids so obtained had an 
iodine value of only 2-3. 

Far better results are obtained in many cases by treating the mixed 
fatty acids of an oil or fat with an alcoholic solution of pure stearic 
acid, saturated at C. Hehner and Mitchell,^ proceeding on tlic lines 
suggested by David, ^ showed by a series of experiments, carried out 
on pure stearic acid and on mixtures of stearic acid with (a) saturated 
acids lower than palmitic ; (b) palmitic acid ; (c) crude oleic acid ; 
(d) mixed fatty acids from lard fatty acids, that stearic acid is left 
undissolved and can be determined fpiantitatively with accuracy. 

Hehner and Mitehcll worked with a solution of stearic acid prepared 
by dissolving about 3 grins, of pure stearic acid in 1000 c.c. of warm 
(methylated alcohol of specific gravity 0-8183 (containing 94-4 per 
cent of alcohol by volume) in a stoppered bottle. The bottle is im- 
mersed up to tlie neck in ice-water (well protected against radiation of 
lieat), and allowed to stand in the ice-water overnight. After twelve 
hours, the mother liquor is syphoned off— without removing the flask 
from the ice- water — by means of a small thistle funnel immersed in the 
alcoholic solution and covered with a piece of fine calico (so as to retain 
the separated stearic acid crystals in the flask). The funnel is twice 
bent at right angles, and is best fitted into a suction bottle, so that the 
clear liquor can be drawn off by means of a filter-pump. 

0-5 grm. to 1 grin, of the mixed fatty acids, if solid, oi’, if liquid, 
5 grms., are weighed accurately in a fla.sk and dissolved in 100 c.c. of 
the above alcoholic stearic acid solution. The flask is ])laced in ice- 
water overnight, the mixture is agitated the following morning while 
the flask is still kept in the ice-water, and allowed to stand for at least 
half-an-houi‘ in the ice-water in order to promote crystallisation. The 
alcohol is then filteied off as de.scribed above, care being taken to draw 
off the solution as completely as ])ossible. The re.sidue in the flask is 
washed three times in succession with 10 c.c. of the alcoholic stearic 
acid solution, previously cooled to 0° C. The crystals adhering to the 
calico of the thistle funnel are washed with hot alcohol into the flask, 
the alcohol is evaporated off, the residue dried at 100'^ C., and weighed. 
Hehner and MitchcU aglvise to take the melting point of the acid, which 
should not be much below 68-5° C. The author considers it necessary, 
in case the melting point be found too low, to treat the residue once 
more as described above. 

As the walls of the flask and also the undissolved crystals retain 
a small quantity of the alcoholic stearic acid solution, a correction 
must be applied, which Hehner and Mitchell found in their experiments 
was 0-005 grm. ; this mu.st be deducted from the total weight of the 
residue found. 

The author’s earlier experience led him to recommend this method 


J Analyst, 1896, 321. 

Compt. rend. 86, 1416 ; Jonrn. Cheni. Soc. 34, 1011. 

^ For reasons given below, iiiethylaied spirit should not be used. 
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as giving reliable results in the cases represented by the mixtures with 
which Hehner and Mitchell worked. In confirmation thereof the 
following numbers found in the author’s laboratory may be given : — 


Proportion of Stearic Acid in Oils and Fats {Ijcwhowitsch) 


Ter L't'nt. 

Palm oil, bleached . . . . 0-71 ; 0-72 

Palm oil, raw (Bassa) .... 0-53 

Blitter fat ..... . 0-49 ^ 

Cocoa nut oil . . . . . 0-99 

Bone fat ...... 2-94 

Lard ....... ()-249i 

Tallow, several samples .... 21-22 

Shea butter ...... 33- 7-37-3 

Cacao butter ...... 39 

Suriri fat ...... 58-2 

Mowrah seed oil ..... 13-25 

Illip6 oil . . . . . .12-20 


Ilehtier and Mitchell themselves had shown that this method breaks 
down with mixtures of Japan wax fatty acids and pure stearic acid. 
In some cases the latter could only be recovered partially, whereas 
in other cases none at all was obtained. 

More recent experience of the author has shown that this method 
yields entirely unreliable, or at best capricious results in a large number 
of cases where mixtures of stearic acid with acids other than palmitic 
and oleic are present. Even if only palmitic and oleic acids be present 
in widely different proportions from those found in the oils and fats 
enumerated in the foregoing table, the results are still very capricious. 
To take one of many examples, in the case of cotton seed oil fatty acids 
it was impossible to detect stearic acid by this test, even if 5 or 8 per 
cent of pure stearic acid had been added to the mixed fatty acids. The 
same observation has been recorded by Emerson!" On the author’s 
suggestion, Emerson,^ by means of the lead-salt-ethcr method, resolved 
the mixed fatty acids of cotton seed oil into solid and Hijuid acids. 
The former gave no cry.stals in the stearic acid test {cp. Vol. IT. Chap. 
XIV. “ Cotton Seed Oil ”), but added stearic aOd could be recovered, 
and, curiously enough, more was found than had been actually added. 

This last result may be explained by the observation first made 
by Kreis and Hafner ^ (and confirmed by Emerson) that stearic acid 
forms supersaturated solutions (see Chap. III. p. 163). To this cause 
must be ascribed the fact that Hehner and Mitchell found the solubility 
of stearic acid in alcohol at 0” C. to be much greater than did Kreis and 
Hafner (and Emerson), although the employment of methylated spirit 

^ This must not, liowever, be taken to be stearic acid. The in.solublo. acids consist 
probably to some extent of a mixture of arachidic and myristic acids (cp. Vol. II. 
Chap. XIV. “ Butter Fat”). 

^ ' Private communication. 

® Zeits. f. Unters. d. Nahrejs- u. Oe/iussm., 1903, vi, 22. 

Journ. Aimr. Chem, Soc., 1907, 1751. 
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by Hehner and Mitchell may to some extent account for the discrepancy. 
In the author’s experiments pure alcohol of specific gravity 0-8183 was 
used in order to eliminate such errors as must be caused by the presence 
of tlie denaturant in methylated spirit. 

Emerson showed that the formation of supersaturated solutions is 
avoided if the stearic acid solution, required for the determination, is 
prepared with 7 grams of stearic acid per 1000 c.c. of alcohol (cp., 
however, p. 163). 

This explains satisfactorily why in some experiments the amount 
of stearic acid found was too high, but it docs not explain those cases 
within the author’s experience in which too small an amount of stearic; 
acid, or even none, was obtained. Thus fatty acid mixtures containing, 
besides stearic acid, large proportions of lauric acid, would not yield 
any, or at least not the full amount of stearic acid present, even after 
the “ liquid ” acids had been removed, or even where supersaturated 
solutions of stearic acid were used. Again, in other cases within the 
experience of the author, duplicate experiments made side by side 
under identical conditions yielded so widely differing results that no 
reliance whatever could be placed on those determinations. A number 
of such capricious cases noticed by the author are still under investi- 
gation.^ 

Due caution must therefore be observed in the application of this 
method to the examination of products not specifically mentioned in 
the foregoing lines ; even in some of the cases mentioned there, most 
capricious results were obtained in duplicate experiments. 

A solid acid, oven if it have a melting point of 68° C., should not 
be looked upon as consisting of stearic acid, as of course all higher 
melting acids (if present), such as arachidic, behenic, etc., will be found 
in the separated acid (cp. Vol. 11. Chap. XIV, “ Cotton Seed Oil ” and 
“ Arachis Oil ”). It is therefore advisable to determine the mean 
molecular weight of the separated solid acid. The appearance of the 
crystals also affords some guidance. 


{d) Determination of Palmitic Acid 

3 

A direct method for the accurate determination of palmitic acid 
when in admixture with other solid acids is not yet available. If, 
however, as is frequently the case, a mixture of stearic and palmitic 
acids only be given (candle material), its content in palmitic acid can 
be ascertained by determining the amount of stearic acid as described 
in the preceding paragraph, and deducting the weight found from the 
original weight. If the mixed acids contain unsaturated acids, it 
is necessary to determine the iodine value and calculate to oleic acid ; 
in most cases this will be sufficiently acciu-ato (see below). Less 
accurate numbers is the calculation of the proportions of the two acids 


^ Cp. also Berg, Ohem. Zeit., 1908, 777. 
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from the mean molecular weight of the mixed acids, in the manner 
shown in Chapter XL 

A method, suggested by KreAs and Hafner, for the separation of 
palmitic acid from stearic acid will be described in Chapter XIL 

7. Determination of Oleic Acid in the absence of other 
Unsaturated Fatty Acids 

If the insoluble fatty acids contain no other unsaturated acids 
tlian oleic acid, then its quantity can be calculated from the iodine 
value of the mixed fatty acids, as shown above (p. 542). If a mixture 
of oleic, palmitic, and stearic acids be given, each com])onent of the 
mixture can be determined quantitatively as follows : Let / be the 
iodine value of the mixed fatty acids. The percentage of oleic acid, 
X, is then found as follows 

90 07 : 100 : : / : x- ; - 11102 7. 

The proportion of stearic acid is next ascertained by the method de- 
scribed above. By deducting the sum of the percentages of oleic acid 
and stearic acid, the proportion of palmitic acid is found ; the identity 
of this acid should also be established. The cakuilation from the 
iodine value and the mean molecular weights, as illustrated by the 
example given in Chapter XL, would be less accurate. 

Le.ss accurate still is a method {David i) based on the greater 
solubility of oleic acid in a mixture of alcohol and acetic acid as com- 
pared with the solubility of palmitic and stearic acids. This method 
was described in the second edition of this work, p. 197. 


8. Detection, Separation, and Approximate Determination of 
Individual Liquid Fatty Acids — Oleic, Linolic, Linolenic, 
Clupanodonic 

In a preliminary operation the ‘‘ liquid ” fatty acids must be separ- 
ated from the “solid” acids by the lead-salt-ethcr method. The 
author recommends the following modus operandi : — The (quantity of 
liquid fatty acids is first determined approximately in 3 to 4 grins, 
of the mixed fatty acids or of the original oil by the method described 
p. 545. Then, in a fresh experiment, a larger quantity of liquid fatty 
acids is prepared by Tortelli and Ruggeri's method. 

The next step is to determine the iodine value of the isolated liquid 
acids, so as to gain a preliminary insight into their composition. This 
will be readily obtained by referring to the table given in Cliapter VI. 
p. 406, and in this chapter, p. 539, and by consulting the following 
table, in which I collate the iodine values of the liquid fatty acids 
derived from a number of commercial oils and fats : — 


Cmnpt, rend. 86, 1416. 
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Iodine I alms of Liquid Faitij Acids derived from 


Oil. 

1 Cla.ss ol’Oil. 

(iroiiji. 

Iodine Value, j 

Li 11, seed 

Tim^r, Uliiiieso ! 

' Hrying oils 


190-209-8 

(’andlfi mit . 



179-7 

Stiilingia 



185-7 

Codar nut . 



178Myi 

Walnut 



184 

SafHowor 



167 

Soya l)oan 



140-5-159-6 

Lojifiy seed . 



131 (?) 

Maniliot 



150 

Millet seed . 



163 6 

Niger seed . 



146-3 

Sunilower . 


147-5 

Para rubber seetl , 


1.54-3 

Kas)iberry seed , 



154-2 

Black- berry seed . 



185-9 

Bed Currant 



163-2 




190-1 

Cainelino 

Cra|ie seed . 

Semi-drying oils 

Cotton seed oil 

165-4 

Maize (corn) . ] 


group 

151-7 

I’ersininion seed . 



140-144 

Cotton seed . . • 



134-5 

Sesaniii . , ] 



147-151 

Sorghum 



129-139-9 





148-1 

Kavison 

Eiipe (colza) 


— 

Eape oil group 

124-2 

Black niust/ird seed 



121-125 

White mustard .seed 



119-8 

103 1 

Quince 

Cln-rry kernel 

Non-drying oils 


132-1 

Apricot kenud . 


124-7 

Blum kernel 


111-5 

Beach kernel 


98-6-102-2 

Almond 


101-9-104-1 

Arachis 



101-7 

Kieo • . . 

c 


105-128 

Tea seed 



130-7 

Tsubaki . . ] 



99-6-104-4 

Sasaiujua 



89 

I’istaeliio 



92-9 

Hazel nut , 



105-8 

Elderberi'y . 



91-3-98-8 

Olivo .... 



12Cf 

Calophyllum 



93-112 

Senega root . . * 



114-5 

Secale . 



82-4 

Canari . . , 1 


104 



110-4 

— 



Castor . . _ 

Ca.stor oil group 

106-9 


VOL. I 
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Iodine Values of Liquid Fatly Acids derived from — contimied 


Oil or Flit. 

Clas.s of Oil or Fat. 

Group. 

Iodine Value. 

Salmon 

Marine, animal oils 

Fish oils 

197-4 

Cod liver 


Liver oils 


Whale. 


Blubber oils 

144-7 

Chrysalis 

Tallow oil . 

Lard oil 

,, ,, (Kiiropean) 

,, ,, (American) 

Tcrro.strial animal 
oils 


178-78 

92-2-92-7 

9.T2-9f)'2 

108-105 

Carapa 

,, grandillora 

Nux vomica 

Baobab 

Niani .... 
Balm .... 
Akce .... 
Iilacas.sar 

Vegetable fal.s 


108 

94-7 

94 -90 -2 
97-0 

1;M-5; 139 
94'6-99 
82-4 
103-2 

Nutmeg butter . 


Myri.stiea group 

93-5 

Vegetable tallow . 



97-04 

Palm kernel 

Cocoa nut . 

,, oleine . 


Cocoa nut oil 
grou]) 

44-48^ 

‘22-32^ 

36-3^ 

Human fat . 

Lard (European) . 

,, (American) . 

Beef tallow . 

Mutton tallow 

Animal fats 

• 

92-1 

92-1-104 

92-115 

92-4 

92-7 


Wallenstem and Finch ^ proposed to term the iodine value of the 
liquid fatty acids the “ inner ” or “ abvsolute iodine number ’’ of the 
oil. As it appears undesirable to multiply the number of terras that 
require a definition, I shall adhere in this work to the denomination 
“ iodine value of the liquid fatty acids.” 

^ The low iodine values are, of course, duo to the presence of saturated fatty acids of 
low molecular weight, the lead .salts of which are soluble in ether. 

^ Journ. Soc. Cfiem. fnd., 1895, 78. 




VIII 


DETERMINATION OF LIQUID FATTY ACIDS 


563 


(a) Mixture of Oleic and Linolic {Elceomargaric, Eheostearic) Acids 

If the mixed liquid fatty acids consist of oleic and linolic acids only, 
their respective quantities in the mixed liquid fatty acids can be calcu- 
lated, and by referring tlicse quantities to the amounts of original mixed 
fatty acids, or original oil or fat, the absolute quantity of oleic and 
linolic acids can be ascertained. The assumption that these two 
iinsaturated acids alone need be considered will most frequently hold 
good in those cases where the absence of linolenic acid has been proved 
by one of the methods described below. Let x be the proportion of 
oleic acid and y the pj-oportion of linolic (ela^omargaric) acid, and f 
the iodine value of the mixed liquid fatty acids. Since the theoretical 
iodine values of oleic and linolic acids arc 90-07 and 181-42 respectively, 
we have the following two e(| nations : — 

a:(-//-100, 

.0007x 181-42.y_. 

100 + 100 ' 

l^h'om these two equations x and y can be calculated, and, as men- 
tioned already, the figures so obtained may be referred to the total 
mixed fatty acids or to the original oil or fat. 

The calculation of the respective quantities of oleic and linolic 
acids from their neutralisation numbers or their, mean molecular 
weights would in this case obviously lead to unreliable results, since 
their respective molecular weights, 282 and 280, lie very near to each 
other (cp. Chapter XL). 


(b) Mixture of Okie, Linolic, Linolenic, and Clupanodonic Acids 

The detailed examination of the liquid fatty acids is somewhat 
complicated. Hazura's ^ investigations suggest the application of the 
follovying two methods : — 1. Detection and identification of the liquid 
fatty acids by means of their oxidation products. 2. Identification of 
the liquid fatty acids by means of their bromo-derivatives. The first 
method refers to oleic, liilblic, and linolenic acids only, as the oxidation 
products of clupanodonic acid have not yet been studied. 


1. Isolation of the Oxidation Products of the Liquid Fatty Acids 

This method is based on the oxidation of the liquid fatty acids 
by means of a dilute alkaline solution of potassium permanganate. 
Hazura and G-riissner stated, as the outcome of Saytzeff's and their own 
researches, the following general rule : — All unsaturated fatty acids, 
when oxidised with potassium permanganate in dilute alkaline solution, 

1 Monatsh, f. Ghem., 1887, 147 ; 156 ; 260. 1888, 180 ; 190 ; 469 ;‘478 ; 944 ; 
947. 1889, 190. 
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have as many hydroxyl groups added as there are unsaturated valencies 
in the molecule, and yield as oxidation products saturated hydroxylated 
acids containing the same number of carbon atoms. A list of the 
hydroxylated fatty acids obtained by this metliod has been given 
already in Chapter III. p. 224, followed by a description of the individual 
hydroxylated acids. In the examination of the majority of drying 
oils the oxidation products of oleic, linolic, and linolenic acid(s), viz. 
dihydroxystearic, sativic, and linusic (isoliniisic) acids, must bo 
expected. 

It has not yet been decided experimentally whether cliipanodonic 
acid yields hydroxylated acids ; it would appear, however, that clupano- 
donic acid does not conform to the above rule, being broken down to 
lower fatty acids. 

The oxidation process is carried out in the following manner 30 
grins, of liquid fatty acids are neutralised with 36 c.c. of caustic potash 
of 1-27 specific gravity. The resulting soap is dissolved in 2000 c.c. of 
water, and an equal volume of a 1|- per cent solution of potassium 
permanganate is added in a thin stream with constant stirring. The 
solution is allowed to stand for ten minutes, and as much of a sulphurous 
acid solution added, with continuous agitation, as will dissolve all the 
precipitated hydrated manganese peroxide, and impart to tlie solution 
an acid reaction. Bihifdroxif stearic and sativic ai'ids are precipitated 
(A), whereas linusic and isolinusic acids remain dissolved (B). 

The precipitated acids (A) are first washed with a little ether, in 
order to remove some of the original liquid acids that have escaped 
oxidation, and then extracted with large (quantities of ether at the 
ordinary temperature, 2()(X) c.c. of ether being used for every 20 grins, 
of the precipitate. The ethereal solution, containing dihydroxystearic 
acid, is evaporated down to 150 c.c. ; on cooling, crystals are obtained 
which, after recrystallisation from alcohol, can be identified as di- 
hydroxystearic acid by their habitus, melting point, molecular weight, 
and acetyl value. The portion which is found to be insoluble in the 
cold ether is boiled out repeat(;dly with large (quantities of water. ^ Each 
quantity is filtered off hot and allowed to deposit crystals on cooling. 
Each crop of crystals is examined separately. Sativic acid can be 
identified by its melting point and crystalline form. Any insoluble 
acid represents dihydroxystearic acid wliich had not been dissolved by 
ether. 

The acid filtrate (B) is neutralised with caustic potash, boiled 
down to one-twelfth or one-fourteenth of its original volume, and 
acidulated with sulphuric acid. The precipitate, consisting of a brown 
flocculent mass, is dried by exposure to the air and treated with ether, 
which dissolves azelaic acid and other secondary acidic products of 
oxidation. The insoluble portion is then crystallised, first from alcohol 
and then from water. Isolinusic and linusic acids are recognised 
by their melting points and crystalline forms ; isolinusic acid presents 

* H. Meyer and A. Eckert {Monatsh. f. Chem., 1910 (31), 1243) consider this pro- 
cedure as too cumbersome, and prefer to extract with liot 30 per cent alcohol, from which 
considerable quantities of acid separate out on cooling. 
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under the microscope characteristic needles, and iinusic acid obtruncated 
rhombic plates. To effect a separation of the more soluble isolinusic 
acid from the less soluble lijiusic acid, the mass is recrystallised from 
a moderate quantity of water. By weighinj? the several acids thus 
obtained, the quantitative composition of the liquid acids may be 
estimated approximately. 

A synopsis of the preceding operations is given by the author in 
the following table 


Hydroxylated AcAds 


A. Pri'ciiiiitatc. 

B. Filtrate. 

a. Soluble in KUirv. 

h. Insoluble in KUier. 

a. Kasily Soluble in 
Water. 

h. Sparinf'ly Soluble 
in Water. 

Dihydroxystearic 
acid. j 

Sativic acid 

Isolinusic acid 

Linusic acid 


The following table summarising some of the properties of the four 
acids and their barium salts, lias been compiled by the author, so as to 
assist the reader in mapping out another method of separation : — 


[Table 
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In the case of cod liver oil fatty acids, Heyerdahl found that, under 
the conditions described above, oxidation proceeds too far, no more 
than 2 grms. of hydroxylated acids having been recovered from 60 grms. 
of crude acids. (Evidently the clupanodonic acid in cod liver oil is 
very readily broken down to fatty acids of lower molecular weight.) 
Good results, however, were obtained when the oxidation was carried 
out with a half-saturated solution of potassium permanganate at the 
temperature of the freezing point ^ of water. 


For the oxidation of unsaturated fatty acids of high molecular 
weight, sucli as erucic (and brassidic) acid, a large excess of caustic 
potash must be used. 


The foregoing method can only be employed as a (qualitative one, 
since oxidation proceeds beyond the stage of hydroxylated acids, 
dibasic acids and aldehydes being formed. The method will be found 
especially useful, if it be desired to prove the presence of oleic acid by 
isolating the dihydroxystearic acid thus obtained. 

The apj)bcation of the oxidation method to the total mixed licquid 
fatty acids (consisting of a mixture of oleic, linolic, and linolenic acids) 
is, however, not advisable, as the less saturated fatty acids are attacked 
first and a considerabio (quantity of oleic acid escapes oxidation.*^ Thus 
Hazura found in the mixed liquid linseed fatty acid, judging from the 
amount of dihydroxy acids obtained by oxidation, 4-5 per cent of oleic 
acid only, whereas Fahrion obtained by the same method a much larger 
yield of dihydroxystearic acid, leading to about 15-20 per cent of oleic 
acid, he having first separated off the bulk of linolic and linolenic acids 
by a method simulating the oxygen absorption method (iiftpregnation 
of cliamois leather with oil) described in Chap. VII. p. 474. 

This method con.sists in impregnating purified cotton wool (cp. 
“ Wool Oils,” Yol. III. Chap. XV.) with the mixed fatty acids and 
exposing the matei'ial for a period of fourteen days to the atmo- 
sphere, the material being frequently turned over. The material is 
then treated with alcoholic q>otash and the unoxidised fatty acid is 
separated olY by the method described under “ Oxidised Fatty Acids ” 
(Chap. VIII, p. 581). The fatty acids soluble in petroleum ether are 
then separated by the lead-salt-ether method into solid and liquid acids. 
The latter consist preponderantly of oleic acid and smaller quantities 
of less saturated acids, the quantity of which can be ascertained ap- 
proximately by determining the ioino value of the liquid fatty acids 
and applying the bromination method (see below). 

The (lihydi’oxystearic acid obtaineil by oxidising the liquid acids 
may be calculated to oleic acid, bearing in mind, however, that even 
pure oleic acid yields only about 60 per cent of dihydroxystearic acid 
(cp. p. 182). 

^ Cp, also Bedford, Inaug. Dissert:, Halle a/S, 1906 ; Krfifau, Chem. Revue, 1908, 7. 

^ Fahrion, Zeits. f. angew, Cheni., 1910, 722; 1108. 
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For the detection of linolic, linolenic, and clupanodonic acids the 
bromination method will be found preferable. 


2. Isolation and Determination of the Bromo-derimtires of Liquid 
Fatty Acids 

The method described in the following lines is based on the different 
solubilities of the several bromo-derivatives. It will be best followed 
by examining the following table, in which I collate our present know- 
ledge of the bromides of the unsaturated fatty acids, liaving sixteen to 
twenty-two carbon atoms in their molecule. 
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The bromination test can be applied to the total mixed fatty acids 
without it beihg required to separate the “ solid ” from the “ liquid ” 
acids. The mixed fatty acids are brominated in the same manner as 
has been described above in the bromide test (cp. Chap. VII.) 0*3 
grm. of the fatty acids are dissolved in glacial acetic acid, and the 
solution is cooled in a corked flask to 5° C. The further treatment is 
identical with that described p. 476.^ 

The ether-insoluble bromo-dcrivatives consist either of octo-bromide 
or of hexabroniide or of a mixture of both. An octobromide is charac- 
teristic of fish, liver, and blubber oils, whereas a hexabromide is charac- 
teristic of vegetable drying oils. 

For the quantitative determination Hehner and Mitchell recom- 
mended to remove completely any dibromide, and then to determine 
the proportion of bromine in the crude bromo product, which in the case 
of vegetable drying oils would consist of a mixture of hexabromide and 
tetrabromide. Since a hexabromide contains theoretically 63-32 per 
cent of bromine, and a tetrabromide 53-33 per cent, the respective 
amounts of acids can be calculated from the following two equations : — 

a;+y:-100, 

03-3:r 

100 + Too ' ’ 

in which x is the percentage of hexabromide, y the percentage of tetra- 
bromide, and B the percentage of bromine in the crude bromides. 

The following table contains a number of determinations of ether- 
insoluble bromides from mixed fatty acids (cp. also Vol. 11. Chap. XIV. 
“ Marine Animal Oils ”), carried out according to the above described 
method : ^ — 


^ Cp. also Tsujimoto, Journ. College Kngiu., Tokyo, 1900, vol. iv. 1. ; Procter anti 
Benuett, Journ. Soc. (Jhem. lad., 1900, 800;' lIulplxMi, IhdL Soc. dim. Ue France, 1907 
(iv.), 1, 280. The rijodifications .sugf^ested by Procter .ami Bemiett are considered aa 
superfluous by L. M. Tolinan {Journ. lad. and Eng. Cheia., 1909, 341). 

2 Cp. Vol. II. Chap. XIV. “ Perilla Oil.” 
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Yield of Etherdnsolublo 



Kind of Oil. 

Uromide from Fatty Acids. 

Observer. 



Per cent. 


[ 

Porilla .... 

58-3 ‘ 

Meister 


Linseed (iodine value — 181) 

29-06 ; 29-34 

Walker and Warburton^ 


,, (iodine value = 184) 

31*31 ; 30*44 ; 30*80 

Lewkovvitscli 


,, (iodine value = 190-4) 
,, li<piid acids (iodine 

38*1 ; 42*0 



value = 208) 

34*9 

Walker and Warburton^ 


Candle nut 

11*53; 11*23; 12*63 

)) M 


Stillingia .... 

25*78 

Menon,^ Link ^ 


Para rubber seed 

6*66 


Safflower .... 

1*65 ; 0*65 

Walker and AVarbiirton^ 


Soya bean ^ . 

5*1 

M >> 


Rape 

2*4; 3*4 

,, ,, 


Japan fish (old sample) 

23*04 ; 23*32 

)> >» 


,, (Fre.sh samples) . 

I Deodonrised fish 

44-2; 47*1 

1 Tsujimoto 

1 

38*42 ; 39*27 

Walker and Warburton^ 


Cod liver, Norwegian . 

29*86 ; 30*36 

) 

i 

Newfoundland cod 

39*1 ; 37*76 

M ’ 1) 

Octobromide . < 

1 Shark livei- 

Seal 

[ 12-68; 15*08 

19-83 ; 19-93 



AVhale (old sami>le 

12-38; 12*44 

Lewkowitsch 


1 ,, (fresh samples) 

22*59; 27*77 


,, f fre.sh sample) 

Herring .... 

27*81 

12*7 ; 21*7 

Tsujimoto 

Walker and Warburton® 


i Sperm .... 

1 

2*05 


It has been pointed out already above (see p. 478) that the bromide 
test is best carried out with the fatty acids and not with the glycerides. 
It may furtlier be added that the hexabromides of the fatty acids 
crystallise well and hence are easily filtered. The octobromides are, 
as a rule, amorphous and fall out in flocks, and hence are less easily 
filtered. (It is therefore advisable to use a paper filter and not an 
asbestos plug ; see below.) Thus a mere inspection of the precipitate, 
whether crystalline or not, gives some preliminary clue. 

The following solubilities of octobromide and hexabromide were 
determined in the author’s laboratory : — 

Oclobromide (prepared from whale oil) was treated with an excess of 
boiling, crystallisable benzene which was filtered off hot. 100 c.c. 
dissolved 0-1984 grm.*of octobromide. 

Hexabromide . — 100 c.c. of crystallisable benzene dissolved at 60° F. 
0*024 grm. of hexabromide melting at 181° C. The dissolved hexa- 
bromide recovered from 25 c.c. of benzene melted at 174° C. 

100 c.c. of boiling benzene, quickly filtered ofi from an excess of 
hexabromide melting at 181° C. (from linseed oil), dissolved 0*7288 grm. 
The crystals recovered from the mother liquor of the boiling benzene 
melted at 180° C. 

1 Cp. Vol. II. ClKip. XTV. “rerilla Oil.” 

These deterniiiiatioiis were carried out in the author’s laboratory. 

^ In ca.se of soya bean oil three hours standing in the cold gave no precipitate 
of he.xabronihle, but when standing over night in the cold hexabromide.s were obtained. 
Hence stnmliiig for more than three hours is necessary in the case of oils containing 
small quantitie.s of llnolenic acid. 
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It must, however, be pointed out that the numbers found above for 
the separate bromides do not apply to a mixture of octobromide and 
hexabromide. The separation of mixed hexabromide and octobromide 
can, however, be carried out completely. Experiments showed that 
the hexabromide separated from octobromide by means of benzene 
exhibited no trace of blackening in the melting-point test. 

The above described method for determining the hexabromides 
does not furnish the full yield of hexabromides formed. In the solution 
of tetrabromide, or of tetrabromides and dibromides, certain quantities 
of hexabromides remain dissolved. They are recovered by further 
crystallisation from the mother liquor, either by allowing to stand 
or after slight concentration of the solution by distilling off a portion of 
the ether. Thus, in tlie examination of a linseed oil, the author obtained 
by subsequent concentration of the mother li(|iiors the following 
figures 

J’.T c.'nt. 

InHolublo bromide of m.p. 182*^ .... Ifb ll 

„ „ „ 170° .... () ir) 

„ „ „ 105° . . . .211 

In addition thereto, by further concentration of the mothei- lic(uors, 
lower fractions melting respectively at 15(/ and 135° C. were obtained ; 
their quantities were, however, very small. All the liexabromidc ap- 
peared to have been recovered with the last fraction melting at 135° C., 
inasmuch as the tetrabromide recovered from the mother liquor by 
the process described below, had the correct melting point of 113°-111° C. 

In another specimen of linseed oil fatty acids the following results 
were obtained {Menon : — 



I'lT 

Hexabromide of m.p. 181° C. . 

;39-37 

Bromides of m.p. 151° C. . 

30!) 

„ „ 140° a . 

7-83 

„ „ 135°-1.%° a . 

2-38 


The proportion of unsaponifiable matter left in the mixed fatty 
acids also influences the result to a notable extent. This will be 
gathered from the following table detailing the examination of a linseed 
oil fatty acid, carried out by the author : — 


Hexabromide Test of Linseed Oil 



Fatty Acids retaining 

Fatty Acids freed from 


Utisaponi liable AIuIUt. 

Unsaprjiiitlablc Matter. 

Hexabromide 

IVr cent. 

ui. p. ” C. 

Per cent. 

• rn.p. " C. 

Ist crystallisation . 

26-44 

183 

28-52 

183 

2nd „ ... 

507 

180 

3-54 

180 

Bromide from petroleum ether 

11-37 

168 

5-48 

! 

171 


^ Determined in the author’s laboratory. 
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The incomplete recovery of the liexabromide by the above described 
inetliod would seem to be due to the employment of acetic acid and to 
unfavourable conditions as regards temperature and concentration. 

An exhaustive study of the bromide test as applied to vegetable 
drying oils has been made recently by Eibner and M'ugqenthaler} They 
ascertained that the more glacial acetic acid is used, the lower is the 
yield of hexabrornide, and that glacial acetic acid produces impure 
(grey) hexabrornide. The best temperature at which the highest yield 
of hexabrornide could be obtained was found to be - 10° C., when 
using a concentration of 10 per cent fatty acid in ethereal solution. 
Under tliese conditions no such after-precipitation, as was observed 
by the author in the above given example, took place. The amount 
of bromine reipiired for complete preci{)itation of the bromide was 1 c.c. 
of bromine for 2 grins, of fatty acids dissolved in 20 c.c. of ether. 

The following modus operand i is recommended by Eihner and 
Maggen, thaler : — 2 grms. of mixed fatty acids (for the preparation of 
which' the authors give unnecessarily elaborate details) are dissolved 
in a flask in dry ether to a 10 per cent solution, and cooled down to 
- 10° C. ; then 0-5 c.c. of bromine is allowed to run into the solution 
from a very finel}’' drawn out pipette, the time allowed for this being 
about twenty minutes. 

The remainder of 0*5 c.c. of bromine is added somewhat more 
rapidly, within about ten minutes, the bromination thus occupying 
about thirty minutes. The authors attach great value to the exact 
observance of the time. The temperature should never be allowed to 
rise during bromination above -5° C. The flask is then corked and 
allowed to stand for two hours at - 10° C. The ethereal solution is 
next decanted through a weighed asbestos filter (in the writer’s opinion 
a paper filter is better) and the precipitate is washed >with five lots 
of 5 c.c. each of dried and cooled ether. After complete draining the 
precipitate is driinl for two hours at 80° to 85° C., and allowed to cool in 
a desiccator. The temperature is designedly’ kept below 100°, as the 
authors found that the colour of the hexabrornide becomes somewhat 
grey if the drying takes place at 100°. The melting point of the 
hexabromides was 177°, whereas (see Chapter 111. p. 207) the melting 
point of pure hexabrotnide has been found to be higher. No doubt 
the low melting point is due to the drying having been carried out 
below 100° C. 

Nevertheless small traces of retained moisture cannot account for 
the much larger yield of hexabrornide which the authors obtained. 

The yields of hexabrornide obtained by these authors is tabulated 
here : — 

Fatty Acids from Per cent. 

Perilla oil ....... 04' 12 

Linseed oil, Baltic ..... 57-96 

Linseed oil, Dutch . . . . . 51-73 

^ Farbcn - Keitung^^lQVZy No. 3 IT.; H. Muggeutluiler, Inaug. Dissert., 1912. 
Augsburg. 
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Fatty Acids from • Per cent. 

Linseed oil, La Plata . . . . . 51 *66 

Linseed oil, Indian ..... 50-50 

Tung o;l nil 

Soya bean oil .... . up to 7-78 

Poppy seed oil . . . . . .nil 

Rape oil . . . . . . . 


Further investigations must show how far the foregoing results 
affect the theoretical deduction of Rollett, as regards the yield of the 
crystalline hexabromide (see Chap. 111. p. 207). 

The mother liquor from the ether-insoluble hexabromide or octo- 
bromide (or mixed octo- and hexabromide) contains tetrabromide 
and dibromide. As will be gathered from the table p. 569, the different 
solubilities of oleic dibromide and linolic tetrabromide suggest a method 
of separation. Oleic dibromide is readily soluble in petroleum ether 
of boiling point 35”-67-5° C., whilst linolic tetrabromide dissolves in it 
with gi'eat difficulty and on boiling only, separating out again in very 
fine, long, lustrous needles on cooling. 100 c.c. of petroleum ether at 
12° C. hold in solution 0-014 grm. to 0-021 grm. of linolic tetrabromide, 
and less still at lower temperatures {FarvMehier). Experiments 
instituted with weighed (piantities showed, however, that a smaller 
quantity than 4-5 per cent of linolic acid could not be isolated fi’om a 
mixture of bnolic and oleic acids. 

Determinations made in the author's laboratory showed that 
100 c.c. of petroleum ether (spec. grav. 0-6375) dissolved at 60° F. 
0-0264 grm. of a pure tetrabromide (from cotton seed oil) melting at 
114° C. 100 c.c. of the same petroleum ether dissolved at its boiling 
point (80° F.) 0-172 grm. The undissolved portion melted at 115° C., 
whereas the crystals recovered from the dissolved portion melted at 
113°. This proves incidentally the purity of the original tetrabromide. 

The mother liquor from the filtered ether-insoluble bromides contains 
an excess of bromine. It is best to wash the ethereal solution in a 
separating funnel with sodium thiosulphate to remove the free bromine. 
The washed bromides are then dissolved in ether, the adhering water 
is drained off, and the last traces of water aie removed by filtering 
through a dried filter. 

The ether is distilled off and the residue boiled with sufficient 
petroleum ether to dissolve it completely. On cooling, the crystalline 
bromide melting at 114° C. separates out. 

It has been pointed out in Chapter III. that there is also in existence 
a second linolic tetrabromide, melting at 56° C. This has hitherto 
only been met with in isolated cases. 

In the following table I collate the proportions of linolic acid found 
by Farnsteiner. In the case of cotton seed oil, the percentage of linolic 
acid has been confirmed by determinations made in the author’s 
laboratory. 
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Oil or Pjit. 

Linolic Acid 
calculated from 
separated 
Tetrabromide. 

Reiiiurks. 


Per cent. 


Cotton .seed oil . . . 

18-.0 


Se,sam6 oil . 

16-8-12-6 


Rape oil .... 


Linolcnic acid present 

’ Mii.stard oil . 

4-5 

4 per cent of liuolenic acid 

Ahnoiid oil . 

! 6-97 


Araeliis oil . 

' 60 


Olive oil .... 

Small quaiitit}' 


Horse fat 

9-9 


Lard (European) . 

Small quantity 

Trace.s of liuolenic acid present 

Tallow 



Butter fat ^ .... 


- 


It will be seen that the proportions of linolic acid, as stated in the 
last table, are much lower than would be calculated from the iodine 
values. This may perhaps be explained by RolJett’s theory (see Chap. 
III. p. 198). With a view to testing this point the following experiments 
were carried out (with the assistance of Meno7i, Link, a. o.) in the 
author’s laboratory. They must, however, be c onsidered as being yet 
too incomplete to admit of any generalisation. 
jSo^a bean oil yielded in the bromide test : 


Per cent. 

Ilexabroniidc, m.j). 179" (■, .... 5-07 
IVtrabromide, ni.p. 119-.5" C. .... 19-92 

corresponding to 

Liuolenic acid . . . . . .1-85 

Linolic acid . 9-28 


Aftci' distilling off half the amount of petroleum ether from the 
mother liquor and exposing the solution to a temperature of about 
5" C., fiu’ther 25 ‘04 per cent of tetrabromide (melting at 113° C.), 
corresponding to 11 -bb per cent of linolic acid, were obtained. Hence 
a total of 20-94 per cent of linolic acid was found. 

Maize oil fatty acids gave in the bromide test, in three successive 
crystallisations from petroleum ether, the following amounts ; 

Pit cent. 

I. Tetrabromide, melting at 113" to 114° C. . . . 50-87 

II. „ „ 113° C (vOS 

III. „ „ 113° C 3-lC 

^ 61-01 
corresponding to 28-43 per cent of linolic acid. 

These results must, however, not be taken as typical, since slight 
changes in temperature and amount of petroleum ether used affect 

^ The cows yielding this .sj)ecimen of butter fat having been fed a long time on 
cotton seed cake, the liuolenic acid found may be due to cotton seed oil (cp. Vol. II. 
Chap. XIV. “Butter Fat”). 
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the yield considerably. Thus, in a second experiment with maize oil 
fatty acids, there were obtained in the first crystallisation 30-78 per cent 
of tetrabrornide, melting at 113*5“ C. ; and after distilling off from the 
filtrate two- thirds of the petroleum ether and exposing the flask to a 
temperature about 5° C., no crystals appeared. Even after distilling 
one-half of the petroleum ether off the already concentrated solution, 
no crystals were obtained immediately ; after prolonged cooling at 
3-5“ C., 3-56 per cent more tetrabrornide was obtained. Hence this 
duplicate test yielded only 34-34: per cent. Tiie 3-56 per cent of crystals 
melted at 61“ C. The quantity was too small to decide whether the 
crystals represented a mixture of the two tetrabromides melting at 
114“ and 56“ C. respectively. 

Cotton seed oil fatty acids yielded 51-85 per cent of tetrabrornide 
(melting at 112“ C,), corresponding to 24-03 per cent of linolic acid. 
After concentrating the mother li(|uor a further crop of 6-5 per cent of 
tetrabrornide, corresponding to 2-9 per cent linolic acid, was obtained. 
Yet in other sets of experiments by other observers no more than 
17-8 per cent was collected in two crystalli.sations. 

Sesame oil fatty acids gave G-48 per cent of tetrabrornide melting at 
113“ C. ; a second crop yielded 6*48 per cent (melting at 113“ C.), and a 
third crop gave 2-6 per cent of tetrabrornide, melting at 111“ C. There 
were therefore obtained : 

Pit fciit. 

First crop . . . . . 21 -5 

Second crop . . . . d -IS 

Third crop ..... 2 0 

= 33-58 per cent of tetrabrornide, corresponding to 15-62 per cent of 
linolic acid. Farnsteiner (see above table), however, obtained this 
yield in one operation. 

The author suggests to combine the methods described above in a 
systematic examination in the following manner : ^ — 

Resolve the mixed fatty acids into “ solid ” fatty acids and “ liquid ” 
fatty acids. (Inasmuch as the unsaponifiable matter in some cases 
contains a high proportion of unsaturated substances (cp. Chap. XII.) 
which absorb bromine, it is advisable in acci^pte analysis to remove 
the unsaponifiable matter first.) The liquid fatty acids are then 
brominated in ethereal solution. Pending the confirmation of the 
results obtained by Eihner and Muggenthaler, it would seem to be 
advisable to can-y out the bromination in dry ethereal solution as 
directed by these oKservers. The precipitated ether-insoluble bromides 
are washed with ether and examined separately. 

A preliminary examination, after weighing the ether-insoluble 
bromide, consists in determining the melting point. If the bromides 
melt to a clear liquid without showing signs of blackening at or about 
180“, then the absence of octobromide is proved. It cannot, however, 
be concluded that hexabromide is absent. Further preliminary in- 

^ Cp. Jahrbuch der (Jhemie, 1898 (viii.), 402. 
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formation may be obtained by determining the bromine content of the 
mixed ether-insoluble bromides. It is, however, more expedient to 
proceed at once to the separation by means of boiling benzene. The 
solubilities given above for the hcxabromides and octobroinides in 
benzene, show that the undissolved portion will be rich in octobromide, 
whereas the filtrate consists practically of hexabromide. A further 
examination by the melting point test of the insoluble portion will 
confirm the presence of octobromide and will show whether any hexa- 
bromides are present ; in that event, the filtrate, after evaporating off 
the benzene, yields crystals melting at 180“^ to a clear liquid, without 
blackening. 

The quantitative determination of both the undissolved octo- 
bromide and the residue obtained after evaporating the benzene fi’om 
the solution will hardly yield sufficiently accurate quantitative results. 

It would therefore be preferable in accurate determination to 
estimate the bromine contents of both the undissolved and tlie dis- 
solved portions in addition to the bromine determination of the total 
insoluble bromides. 

The ethereal solution, after filtering off the ether-insoluble bromide, 
is freed from uncombined bromine as described above, and the residue 
crystallised from petroleum ether. Any crystals sei)arating out on 
cooling are filtered off, and their melting point is taken. By con- 
centrating the filtrate, a further crop of tetrabromide may be obtained 
or even the second tetrabromide, melting at 56® C. 

The filtrate fr’om the last crop of crystals contains dibromide Avliich 
can be isolated by evaporating off the solvent and weighing tlie residue. 
Tliis is then best submitted to catalytic hydrogenation, wliereby solid 
acids are obtained which can be readily examined. (Melting Point, 
mean molecular weight ; cp. also Chap. XII.) 

For the separation of oleic acid fr'om other liquid fatty acids, 
Farnsteiner suggested a method based on tlie (comparative) insolubility 
of barium oleatc in benzene containing alcohol, in which the barium 
salts of the less saturated acids are readily dissolved. Since the saturated 
acids behave like oleic acid, it would have been possible, provided 
the premises be correct, to separate a mixture of saturated and li(]uid 
acids of different unsati ration into a mixture of sofid acids and oleic 
acid on the one hand, and of less saturated liquid acids on the other. 
Lewkowitsch,^ however, has shown that this proposed method is of no 
use for quantitative purposes. Neither can the separation of oleic acid 
from less saturated fatty acids, by treating the mixed barium salts 
with moist ether, be effected with quantitative results.^ 

In some isolated cases the barium method is stated to have given 
satisfactory results for the separation of oleic acid from less saturated 
acids. In view of the conflicting evidence found in this respect in the 
recent literature on this subject, each individual case must be con- 
sidered a problem of its own. 

^ Awxlysty 1900, 64 ; cp. also Zcits.f. (Inters, d. Nahrgs- w. Oennssm.., 1903, vi. 
161. " Faliriou, Zeits.f. angew, Cliem., 1904, 1487. 
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A mixture of unsaturated acids cannot be resolved into its con- 
stituents by fractionating the methylesters (Chap. XII.), as the boiling 
points of the esters of the unsaturated acids lie so closely together 
that a separation by fractional distillation appears impossible. This 
is evidenced by the following table detailing the result of a fractional 
distillation of those methylesters of cotton seed oil fatty acids which 
boil above 200° C. under a pressure of 18 mm. 


Fraction. 

Boiling Point 
“C. 

Pressure. 

mm. 

Quantity obtained from 
530 Orams of Oil. 

Todiuft Value. 


up to 201*5 

16 mm. 

8 grams 

77*13 

II. 

201 •5-204 

16 „ 


101-19 

III. 

204-207-5 

16 „ 

20 „ 

128-51 

IV. 

207 *5-210*5 

16 „ 

83 ,, 

130*87 

V. 

210-5-214*5 

16 „ 

11 M 

123*83 

VI. 

above 214-5 

16 „ 

133 , , 

107*23 


The identification of the several unsaturated acids by means of 
the weight of hydrogen they absorb — in other words, by tlieir “ lujdrogen 
value ” ^ — involves too complicated apparatus for a technical analysis, 
and furnisiies no better results than does the determination of the 
much more expeditiously determined iodine value. 

(Fokin ^ expresses the “hydrogen value” of a fatty substance by 
the number of cubic centimeters of hydrogen, calculated to 0° C. and 
760 mm. pressure, absorbed by 1 grin, of substatice.) 

The same strictures hold good of the metfiod of determining quan- 
titatively the amount of ozone which the several unsaturated acids 
absorb (see Chap. III. p. 145). 

9. Hydroxylated Fatty Acids 

It has been shown above that hydinxystearic acid, as also dihydroxy- 
stearic acid, are sparingly soluble in cold petroleum ether. This 
behaviour to solvents would seem to suggest a method for the separation 
of hydroxylated fatty acids from the mixed datty acids by treating 
the latter with petroleum ether. Experiments made by the author 
have, however, shown that such a method does not lead to useful 
results. Thus the mixed fatty acids from castor oil behave very much 
like castor oil itself (Vol. II. Chap. XIV.), that is, they dissolve in an 
equal volume of petroleum ether. A mixture of castor oil fatty acids 
with oleic acid, however, could not be separated by means of petroleum 
ether. 

In case the nature of the hydroxylated fatty acid in a sample be 
known, its proportion in the mixed fatty acids may be obtained approxi- 
mately by determining the increase in weight of the mixed fatty acids 

^ Bedford, Tnauij. Diasert., TTalle a/S, 1906. 

^ Jmirn. liuss. Phys, Chem. iSoc., 1908, 700. 
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on boiling with acetic anhydride by Lewhowitsch’s method. Let M 
be the molecular weight of the monohydroxylated acid, and i the 
increase of weight of A grams of the mixed fatty acids, then the per- 
centage of hydroxylated acid y will be (cp. equation, p. 452). 

lOOM/ 

y A At- 

In case the hydroxylated acid contain n hydroxyl groups, and 
consequently bo able to assimilate n CgHgO groups, we shall find 

lOOMi 

yk.7t.'Ai' 

This metliod will, however, only lead to useful results if the amount 
of hydroxylated acid present in the sample be large (as in the case of 
castor oil) ; otherwise the loss in weight caused through the formation 
of anJiydrides of fatty acids may counterbalance any gain in weight. 

In most cases it is therefore preferable to determine the acclyl 
rahic of the mixed insoluUe fatty acids after freeing them fi’om volatile 
acids by washing. 

The washed fatty acids arc acetylatcd in the manner described 
above, p. 428, and the a(;ctylation product, after being washed free 
from acetic; acid, is boiled with alcoholic potash in order to hydrolyse 
the anhydrides, and ro saponify at the same time the acetylatcd acids 
with formation of potassium acetate and potassium soaps of the original 
fatty acids. On decomposing the solution with sulphuric a(;id, acetic 
acid is set free ; this is then determined by the distillation j^roeess ” 
or by the “ filtration process.” 

Idle acetyl value so obtained refers to the insoluble fatty acids 
and not to the oils and fats themselves. In some cases (” Blown 
Oils,” Vol. III. Chap. XV.) it is advisable to determine the acetyl 
value of the original oil or fat, as well as that of its insoluble fatty 
acids. If both numbers are practically identical, the conclusion can 
be drawn that the acetyl value is due to the presence of a triglyceride 
of hydroxylated fatty acids. This happens in tlie case of castor oil. 

Twilchell determines the “ hydroxyl values ” (sec p. 430, footnotes) 
by esterific-ation of the hydroxylated acid with fatty acid in the presence 
of TwitcheWs reagent. For the details of this proposed method the 
reader must be referred to the original paper.^ 

For practical purposes the following table may be considtcd : — 

^ Jouni. A7)U’.r, Ctiem. S<k.., 1907, 197 ; 566. 


[Table 
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Acid.^ 

Formula. 

Acetylated Acid. 


Incronwe 
in Weight 
on Acety- 
lating. 

Formula. 

Molec- 

ular 

Weight. 

Acetyl 

Value. 

Saponi- 

fication 

Value. 

Per cent. 

rdroxystearic 

Ci8tl3[502(0H) 

CisRso^afC • C 2 H 3 O) 

342 

164-0 

328-0 

14-00 

cinoleic 

Ci«Il 3302 (OH) 

. 0^u,0) 

340 

166-0 

330-0 

14-09 

hydroxystoaric 


^18®^34^2(C . 02X130)2 

400 

280-6 

420-75 

26-58 

ihydroxystearic 

Ci8H33^2(^fl).‘J 

Oi8R38C2(C • 031130)8 

458 

367-4 

489-9 

87-95 

trahydroxystearic 

[Sativic) 


Cj6D8202(0 . 02H80)4 

616 

434-8 

643-6 

48-27 

ntaliydroxystearic . 

Ci8H3i02(0H)5 

0j3ll3i02(0 . 02 Hs0)5 

574 

488-7 

586-4 

57-69 

ixahydroxystearic 

(Linusic) 

Ci8H3o02(OH)e 

Oi8H8o02(0 . 021130)3 

632 

532-5 

621-3 

66-81 


It should bo noted that hydroxylated fatty acids are capable of 
forming (inner anhydrides, or) polymerisation products (cp. Chap. III. 
p. 114). The unsaturated hydroxylated acids (ricinoleic) are converted, 
by catalytic reduction in a current of hydrogen, into saturated hydroxyl- 
ated acids, or at a somewhat higher temperature into saturated acids 
of the series 0 ,( 112 ^ 02 . 

Ricinoleic acid can be separated from other insoluble, non-hydroxyl- 
ated fatty acids, in a direct manner, by making use of the insolubility 
of lead ricinoleate in low boiling petroleum ether {Lane ^). Experiments 
made by the author ^ showed that by boding the lead soap obtained 
from 5 grms. of castor od with 50 c.c. of low boiling petroleum ether 
for one hour, and filtering the petroleum ether after cooling, 0-62 per 
cent (calculated on the od) had been dissolved. On treating the 
undissolved lead soap with another 50 c.c. of petroleum ether for one 
hour, and filtering in the hot, 1 -10 per cent were dissolved. On repeating 
the experiment with a fresh quantity of lead salt, 1*76 per cent were 
found to have been dissolved by hot petroleum ether. 

For practical purposes the lead soap of ricinoleic acid may therefore 
be considered to be insoluble in cold petroleum ether. 

o 

10. “Oxidised” Fatty Acids 

Under the term “ oxidised ” acids the author comprises ^ a class of 
fatty acids occurring in those oils and fats which have undergone a natural 
process of oxidation by exposure to the atmosphere,^ such as highly 
rancid oils and fats, and especially “ waste oils and fats ” (see Vol. 
III. Chap. XVI.) or which have been artificially treated with oxidising 
agents, as in the process of blowing with air or oxygen ® (see “ Oxidised 

^ For sabinic and juiiiperic acids sec Chap. III. p. 211. 

2 Journ, Soc. Chem., hul., 1907, 697. “ Uiipuhlislicd observations. 

^ Cp. Analyst, 1899, 323. 

^ Cp. G. Bouchard, Les Matihes CJrasscs, 1912, 2779. 

Cp. French patent 368,543, and Swedish patent 16,802, 1902. 
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Oils,” Vol. III. Chap. XV.). The change which some of the unsaturated 
acids undergo is not yet fully understood, but this much is certain, 
that through “ blowing ” or “ oxidising,” a certain proportion of- acids 
are obtaiued which are characterised by their insolubility in petroleum 
ether. 

The resinous substances which the author first observed in fatty 
acids obtained from liver and blubber oils (cp. Vol. II. Chap. XIV.) 
were found by Tsujimoto to be, most likely, oxidised acids derived 
from clupanodonic acid. Similar oxidised acids appear to be formed 
by the oxidation of highly unsaturated acids (arachidonic) in fatty 
acids fi*om pigs’ liver lecithins. They are not to be confounded with 
polymerised fatty acids, e.g. polymerised ricinoleic acid.^ The “ oxid- 
ised ” fatty acids are soluble in alcohol, and, of course, in solutions of 
caustic alkalis ; they are also slightly soluble in water. They are 
sparingly soluble in carbon bisulphide. 

Fahrion,^ who first proposed a method for the determination of 
“ oxidised ” acids in boiled linseed oil, assumed them to be hydroxylated 
acids, on account of their insolubility in petroleum ether, a property 
which cliaracterises some well-known hydroxylated fatty acids. The 
fact, however, that the “ oxidised ” fatty acid- can be separated from 
the otlier acids by petroleum ether, whereas (see p. 578) a mixture of 
castor oil fatty acids and oleic acid cannot be resolved into its con- 
stituents, proves that they form a special class of acids. Pending an 
inquiry into their nature, the author proposed for them tlie name 
“ oxidised ” acids. 

The quantitative determination of oxidised acids in oils and fats 
is carried out as follows : ^ — 4 to 5 gi’ms. of the sample are saponified 
in the usual manner with alcoholic potash ; the alcohol is evaporated 
off, the soap is dissolved in hot water, transferred to a separating funnel, 
and decomposed with hydrochloric acid. After cooling, the liquid is 
shaken with petroleum ether, boiling below 80° C., and allowed to stand 
until it has separated completely into two clear layers. The insoluble 
oxidised fatty acids will be found to adhere to the sides of the funnel 
or form a sediment in the ])etroleuin ether layer. The aqueous layer 
is drawn off, the petroleum ether layer is poured off, if necessary through 
a filter, and the oxidised acids are washed with petroleum ether to 
remove adhering fatty acids. In case the amount of oxidised fatty 
acids be large, it is advisable to dissolve them m alkali, decompose the 
soap with hydrochloric acid, and shake out again with petroleum ether 
in order to remove completely any occluded soluble fatty acid. The 
oxidised acids are then dissolved in warm alcohol or ether, the alcoholic 
or ethereal solution is transferred to a tared basin, the alcohol or ether 

^ Falirion [Zeits. f. angeio. Ch4im., 1909, 2093 ; 1910, 722, 1108) assuines that in 
tliii caso of linseed oil “ diperhydroxylinolenic ” and “ diperhydroxyliuolic ” are Ibrmed 
by oxidation, and that these hypotlietioal acids are converted subsequently into diketo- 
dihydroxylinolenic and ketodiliydroxylinolie acids respectively. Keid’s “super- 
oxidised” linseed oil (see Vol. 111. Chap. XV. “Linoleum ") appears to belong to the 
same category of substances. 

Zeits. f. amjew. V/iem., 1898, 782 ; 1903, 79 ; 1904, 1199 ; cp. also Kassnor, ikid., 
1904, 1863. 
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is evaporated off, and the residue dried until the weight remains con- 
stant. Thus the proportion of oxidised acids is found. 

In this manner the author prepared the oxidised acids from a 
number of blown oils and from solidified linseed oil (cp. Vol. III. Chap. 
XV. “ Oxidised Oils ”). The oxidised acids from a solidified linseed oil 
had the following characteristics : Neutralisation value, 1G8 ; saponi- 
fication value, 199*2 ; apparent acetyl value, 130*2. Further informa- 
tion will be found under the headings of “ Blown Oils ” and “ Boiled 
Oils.” The following table ^ shows the manner in which the proportion 
of oxidised acids increases with the time of blowing ; — 



Specific 
Gravity 
at n)-5* C. 

Saponifica- 

tion 

Value. 

Oxifiised 1 
Acids. 

Per cent. 

Oleic acid 

0-8952 

201-4 


Oleic acid, blown 2 hours at 120® C. . 

0-9098 i 

204-9 

0-62 

n M ,, 4 „ 120° C. . 

0-9121 ' 

206-0 

2-6 

,, ,, „ 6 „ 120® C. . 

0-9123 1 

208-3 

3-5 

„ ,, „ 10 „ 120° C. . 

0-9238 

213-4 

6-0 


These oxidised acids exhibit considerable acetyl numbers (cp. 
Vol. III. Chap, XV.). The oxidised acids derived from marine animal 
oils — most likely derivatives of clupanodonic a(dd — are further oxidised 
by drying at 1(K)° C. and tlien lose to some extent their ready solubility 
in alcohol {Taujinioto). 

Bouchard^ isolated oxidised fatty acids from bone fat, linseed oil, 
arachis oil, sesame oil, ravison oil, and cod liver oil. He also states 
that he obtained phenyl hydrazine compounds of the oxidised acids, 
without, however, giving details. For his speculative views as to the 
presence of carbonyl in hydroxylated groups the original paper must be 
consulted. 

The following table, due to Procter and Holmes,^ shows the changes 
in the specific gravity, refractive index, and iodine an Australian 
“ oleine ” underwent in blowing : — 


Blown. 

Spocillc Gravity.' 

Refractive Inf ax. 

Iodine Value. 

Ilrs. 

0 

0*892 

1*4620 

88-0 

3 

0 892 

1*4620 

87-0 

6 

0-893 

1 -4620 

84-0 

9 

0*894 

1*1622 

84-0 

12 

0*895 

1*4623 

82*0 

1.6 

0*89.6 

1-4623 

77-0 

18 

0*896 

1 -4624 

74-0 

21 

0*897 

1*4626 

74*0 

24 

0*900 

1*4628 

73*0 


^ Cp. Lewkowitscb, LahoraUrry Comj)am<m to Fats and Oils Industries, Macmillan 
and Co., 1902, p. 76. 

^ Les Matures (jrasses, 1912, 2779. * Journ. Soc. (Jhem. Ind., 1905, 1287. 
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Lewkowitsch^ assumes in blown oils the presence of another kind 
of acid, differing from the “ oxidised ” acids. Pending further investi- 
gation they were termed “ unknown ” acids. Possibly the peroxidised 
acids described by Fahrion^ belong to this group. Such acids also 
occur in soaps made from highly oxidised fatty acids and “ waste ” 
fats. 

The investigation of the last two classes of fatty acids will be greatly 
facilitated by reducing the acids catalytically, when saturated acids 
would be obtained which can be more readily isolated and identified. 
According as the temperature in the catalytic reduction process is kept 
lower or higher hydroxylated saturated acids or saturated acids of the 
series will be obtained. 

^ Analyst, 1899, 323 ; 1902, 139. See footnote 1 p. 581. 



CHAPTER IX 

EXAMINATION OP UNSAPONIPIABLE MATTER 

The unsaponifiable matter is necessarily isolated as such in the course 
of its quantitative determination, and can therefore he further examined 
immediately. 

In the case of natural oils and fats the quantity of unsaponifiable 
matter will, as a rule, be small, but in the case of waxes it constitutes 
a large proportion (about one-half) of the original substance, as pointed 
out already. 

If the natural oils, fats, and waxes have been adulterated with 
such substances as paraffin wax, ceresin, muieral oils, neutral tar 
oils, and rosin oils, these substances will be obtained together with 
the natiu’ally occurring unsaponifiable matter. Their detection and 
estimation will be considered briefly in this chapter. 

The subject-matter of this chapter naturally divides itself into 
two groups : A, — Examination of those unsaponifiable substances 
which are naturally present in oils, fats, and waxes ; 

B, — Examination of foreign unsaponifiable substances that have 
been admixed with the substances considered under A. 


A. EXAMINATION OF UNSAPONIFIABLE SUBSTANCES OCCURRING 
NATURALLY IN OILS, FATS, AND WAXES 

(i! 

1. Unsaponifiable Substances occurring in Oils and Fats 

Considerable quantities of unsaponifiable substances in a natural 
oil or fat will betray their presence in the course of the process of 
saponification by a turbid solution, and when boiling is stopped they 
will be found floating on the top of the neutralised alcoholic soap 
solution as an oily layer. Small quantities, however, will always 
remain in solution, or form an emulsion with the soap solution. 

The unsaponifiable matter in natural oils and fats consists in the 
main of cyclic alcohols, among which either cholesterol or sitosterol 
predominates, according as the oil or fat is of animal or vegetable origin. 
The latter alcohol is in some cases accompanied by stigmasterol, 
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or brassicasterol. the alcohols of the ethane series hitherto only 
melissyl alcohol has been found in oils and fats. 

The presence of hydrocarbons has hitherto been rarely recorded ; 
recent observations {e.g. in the case of chrysalis oil, laurel oil, parsley 
seed oil, etc.) render it likely, however, that their presence may have 
been overlooked hitherto, as the total amount of unsaponifiable matter 
in most oils and fats is, as a rule, very small. The hydrocarbons, 
whenever their proportion in the unsaponifiable matter is considerable, 
can be separated from the alcohols by means of acetic anhydride, as 
described below (p. 601 ). 

In addition to alcohols and hydrocarbons minute quantities of 
colouring substances, resinous substances, ethereal oils, and other 
foreign, perhaps also albuminoid, bodies occur. Some of the foreign 
substances possess optical activity and are characterised by absorbing 
considerable proportions of iodine. The examination of the unsaponi- 
fiablo substances affords, therefore, a special problem in each given case. 
Hitherto such cases have been studied only exceptionally (sec cotton 
seed oil, laurel oil, etc.) ; but a systematic investigation, such as has 
been undertaken by Malthes and his collaborjitors, may lead to im- 
portant results by furnishing clues for the identification of those oils 
and fats the recognition of which in mixtures of oils and fats still 
causes difiiculties (cp. Chap. XII.). 

It will be convenient to subdivide the subject into — 

A. Examination of Alcohols. 

B. Examination of Hydrocarbons. 

A. Examination of Alcohols 

In this section the “ Sterols ” (Chap. III.) only will be dealt with, 
the discussion of the aliphatic alcohols and theii* separation from the 
cyclic alcohols being more appropriately deferred to the section describ- 
ing the unsaponifiable substances occurring in “ Waxes.” 

The detection of cholesterol and sitosterol (phytosterol), or a 
mixture of both, is of great importance whenever the question is placed 
before the analyst to decide whether a given sample is of animal or 
vegetable origin, or whether a mixture of vegetable and animal oils or 
fats is under examinatic^ (cp. Chap. XL). 

The method proposed by Polenske, to treat the crude unsaponifiable 
matter with low boiling petroleum ether in the cold, in which cholesterol 
and especially phytosterol are but sparingly soluble, does not always 
fmnish useful results.^ Thus Matthes and Heiniz^ observed that in 
the case of the crude unsaponifiable matter from Japan wax, phytosterol 
remained dissolved in the petroleum ether solution together with the 
oily portion of the unsaponifiable matter. 

The colour reactions given above (Chap. III.) for cholesterol and 
sitosterol (phytosterol) are not distinct enough to allow of discrimina- 
tion between the two alcohols. Recourse must, therefore, be had 
to the following methods ; — 

^ i Cp. also Duulop, The Analyst, 1907, 320. 


^ Arch. d. Pharm., 1909 (247), 650. 



586 


EXAMINATION OF TJNSAPONIFIABLE MATTER 


OHAP. 


(a) Microscopic Examination ^ 

The unsaponifiable matter, after weighing, is dissolved in ether and 
poured into a small porcelain dish. The ether is allowed to evaporate 
off spontaneously, the mass is then dried on a water-bath, dissolved, 
after cooling, in the smallest possible quantity of absolute ak;ohol, 
and allowed to crystallise. Unless the amount of colouring matter 
and resinous substance present be large, well-dclined crystals will be 


d 

Fi;;. 43.— (u) Crystals of Cholesterol. 




a 


obtained. If foreign matters prevent the crystallisation of the alcohols, 
it is necessary to dissolve the unsaponifiable matter in 95 per cent 
alcohol and remove the colouring nuitters })y treating in the hot with 
charcoal and filtering off the hot alcoholic solution.^ (Instead of 
alcohol, petroleum ether may be used in conjunction 'with charcoal.) 
The filtrate is next evaporated to dryne.ss, and again taken up with 
absolute alcohol. A few crystals are tlien taken out and examined 
carefully under the microscope. If eitlier cholesterol or sitosterol 
(pliytosterol) be present alone, the crystalline forms characteristic 
of cholesterol or sitosterol (phytosterol) will be found (Fig. 43). 

Crystals of cholesterol deposited from its hot alcoholic solution 
appear as a magmaof lamime, which are discerned, under the microscope, 
as very thin plates, often showing re-entering angles ; these plates are 
apparently rhombic, but belong most likely to the trudinic system 
{Bonier). Sitosterol, on the other hand, crystallises in solid needles, 
grouped in tufts ; under the microsco])e, long, solid needles are dis- 
cerned, arranged in star or bunch-like groups ; these crystals belong 
most likely to the monoclinic system. 

If, however, a mixture of cholesterol and sitosterol (phytosterol) 
be present, the information furnished by the microst;opic examination 
becomes very uncertain. According to Bomer, the components from 
a mixture of cholesterol and phytosterol do not crystallise separately ; 
if the latter predominates, or is ])resent in approximately the same 
proportion as cholesterol, the crystals cannot be distinguished from 
those of phytosterol, cp. Fig. 43 (c). If cholesterol predominates, 

^ Bomer, Zdls. f. (Jntrrs. d. Nakrgs- u. Gniussm., 1898, .544. 'I’he older term, 
“ phytosterin test” or “phytosterol test,” introdneed hy Salkowski in 18S7, is not used 
in this work, in order to avoid confusion with the ])hytoHteryl acetate test. 

® If coprosterol (see Chap. III.) he the chief coiistitucMit of the iiusaponiliahlu matter, 
as is the case in “Sewage Fats ” (.see Vol. III. Chap. XVI.), extraction with 80 per cent 
alcohol is best .suited for the removal of im]»urities. Cholesterol and phyto.sterol are, 
however, very sparingly soluble in 80 per cent alcohol. 
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needles of a quite different form separate {Bomer). Crystals obtained 
from (1) a mixture of 3 parts of sitosterol and 1 part of cholesteiol 









molt at 135-(r-136-0” C. ; (2) equal parts of sitosterol and cholesterol 
melt at 14{) 0°-141 -6° C. ; and (3) 1 part of pliytosterol and 3 parts of 
cholesterol melt at 143*7°-145 0° C. The author, in his own experience, 



a b c 

nig. 43. — ('•) Crystals from a mixtnro of Cliok'sltu'ul and rhylo.sl(a'o!. 


did not obtain the mixed forms of crystals from artificitilly prepared 
mixtures of cholesterol and phytosterol, but found that each con- 



Stituent cryatal&ed separately, the two different forms lying side by 
side in the mother liquord On crystallising rapidly in most cases 
flocks showing distinct crystalline form separated ; wlienever crystals 

» Jotirn. Soc. Cliem. hid., 1899, 557. 
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could be observed, they appeared to simulate the crystalline form of 
phytosterol. On filtering off the first crop of crystals and allowing 
them to crystallise again, better specimens were obtained, showing 
distinctly the individual forms of cholesterol side by side with the forms 
of phytosterol. 

These observations are confirmed by Zetsche} who published a 
number of drawings which are reproduced in Figs. 44 to 54. 

The microscopic examination of the alcohols themselves should 
only be looked upon as a preliminary test, which does not permit a 



definite conclusion to be drawn as to the absence of cholesterol or 
phytosterol. More uncertain still become the microscopic indications 
if stigmasterol and brassicasterol are admixed with cholesterol and 
phytosterol. 

In order to arrive at decisive results, it is nece.ssary to cai’ry out the 
“ phytosteryl acetate test.” 


(6) Phytosteryl Acetate Test “ 

The alcoholic solution containing the crystals [see (a)] is brought 
to dryness on a water-bath, and tlio residue heated for a minute in a 
small porcelain dish with 2 to 3 c.c. of acetic Anhydride per 100 grms. 
of original oil or fat over a small flame until the solution boils, the dish 
being kept covered with a watch-glass. The watch-glass is then 
removed, and the excess of acetic anhydride evaporated off on the 
water-bath. The contents of the di.sh are next heated with the smallest 
possible quantity of absolute alcohol ; in order to prevent immediate 
solidification or crystallisation, a few c.c. of alcohol are added, and the 
mass is then allowed to crystallise. By spontaneous evaporation about 
one-half or one- third of the alcohol volatilises and the acetates crystallise 
out. The crystals are filtered off through a small filter, and washed 
with a little 95 per cent alcohol. The acetates are brought back from 

1 Pharm. (Jenimlh., 1898, No. 49. 

2 Blimyr, Zeits.f. Unlcrs. d. NahnjS’ u. Oenmsm., 1901 ; ibid.^ 1902, 1018. 
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the filter into the dish, dissolved in 5 to 10 c.c. of absolute alcohol, and 
again allowed to crystallise. The crystals are filtered off, and their 
melting point is determined. Since cholesteryl acetate melts at 
111*8"' C. (corr.), whereas crystals of phytosteryl acetate obtained 
from different oils and fats melt above 125° C., the molting point of the 
second crop of crystals will furnish preliminary information as to 
whether cholesterol only, or phytosterol only, is present. Ultimate 
reliance should not, however, be placed on the melting point of the 
second crop of crystals ; for in most cases it is necessary to rccrystalliso 
tlie crystals at least three more times. If the melting point of the fifth 
or seventh crop of crystals be found to lie below 115° or 116° C., the 
absence of phytosterol can be pronounced with certainty. A gradual 



Fi;/. 51.- (.'ry't.'ils fruin l.unl iMHitaiiiiii.u !<• per cfiit of cotton oil 
(from .'ilcoliiil ; takoti out of iiiothfr li(pioi'). 

and distinct rise of the melting points, above 111° C., in the successive 
crystallisations is the best indication as to the procedure to be adopted. 
The following table, due to Jikjer ^ and to Klaairolh^^ affords some 
guidance in practical cases : — 

Melting Points of Mixtures of Cholestergl and Phytosteryl Acetates 
{Jdger) ^ 


Cliolosl.ryl 
Aoftalo of Molting 
Point 112-S^ C. 

Pliytr-st-ryl 

i'I Ml Itiii^' 
Point 1211-2* C. 

Melting; Point of 
Mixture. 

Per cent. 

Pel cent. 

MJ. 

90 

10 

117 

80 

20 

120 *5 

73*3 

26-7 

122 -5 

60 

40 

125 

42*4 

57*6 i 

129 

20 

80 

129*1 

10 

10 

129*2 


1 Rec. d. trav. chivu Pays-Bas, 1900 (25), 349. fnawj. Dissert, Munich, 1911. 




IX 


PHYTOSTERYL ACETATE TEST 


691 


Melting Points of Mixtures of Cholesteryl and Sitosteryl Acetates 


C'holL'storyl 

Acctalti. 

Sit<jsti*ryl 

Ac<‘tatL-. 

JjigfT, 

Klamioth. 

Per {‘(iTit. 

Per cKiiit. 

° <;. 

° (J. 

lOD-O 


1130 

11.3-0 


40 

1160 

114-2 

804 

i:i(> 

1104 

118-0 

7t)5 

20-5 

121-3 

120(1 

U0-() 

.33-4 

1260 

124-2 

GO-O 

r>()0 

127-1 

127-0 


(il-7 

128-2 

127-8 


()(i-7 

128-3 

128-2 

2(14 

73G 

128-3 

128-0 

15-5 

Sl-G 

128-2 

128-0 

101 

8!)-0 

128-1 

127-8 

0 

1000 

127-1 

127-0 


In case tlie first crop of crystals bo deeply coloured by foreign 
substances (a not infrequent occurrence), it is advisable to remove 
the ])ulk of the latter by pressing the crystals between filter paper 
before they are rocrystallised. 

Tlie aiitlior has satisfied himself, by very exhaustive investigations 
carried out witli a large number of oils and fats, as to the thorough 
reliability of this test. The ex])erienco thus gained constitutes one of 
the most important jeasons for adopting in this work tlie sulidivision 
of the natural oils and fats into those of vegetable and animal origin. 
A considerable number of other observers have also confirmed the 
relialiility of tliis test ; hence the opinion of a few chemists who found 
dilficulties with this test may be disregarded as irrelevant. 

A serious danger threatened the reliability of the phytosteryl 
acetate test by the practice of adding small quantities of paraffin wax 
to lard in order to mask the presence of vegetable oils and fats. PolensJceA 
showed the inlluence which added paraffin wax has in this test, and gave 
a method not only for detecting and determining added paraffin wax 
<|uantitatively, but also for rimioving it, so that the phytosteryl acetate 
test can tlien be carried through without further cbfficulty. The 
corrcctiiess of Poknske’s observations has been confirmed by Lexvko- 
witseh,^ wiio elaborateef further methods for guarding against this 
possible cii’cumvcntion of the phytosteryl acetate test. 

In order to show how far the addition of paraffin wax may defeat 
the indications of the phytosteryl acetate test, Polenske experimented 
with O'l grm. of a mixture consisting of 94 per cent of cholesterol and 
6 per cent of ])hytosterol, to which varying amounts of paraffin wax 
had been added. (The quantity of O-l giun. was chosen since 100 grms. 
of lard yield about 0-1 grm. of pure cholesterol.) This mixture of 
cholesterol and phytosterol gave in the phytosteryl acetate tost the 
following numbers 

* ^ Arheiteii a. d. Kaiserl. (}esnnd}uHls<mte^ 1905, xxii, 576. 

2 Ohmi. lievne, 1907 , 61 . 
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Molting point of the 3rd crop of crystals . , 118° C. 

„ 4th „ „ . . 119° 0. 

M „ „ 5th „ . . 120° C. 

Tho following table reproduces the results obtained with mix tures 
containing paraffin wax : — 


Melting Points of Acetates obtained from 0-1 Grm. of a Mixture of 94 
per ceyit of Cholesterol and 6 per cent of Phytosterol, to which varying 
amounts of Paraffin Wax have been added. 





Gnus 

of Puradlu Wax added. 




0-00‘2 

0008 

0-005 

0-007 

0-01 

0-02 

0-05 

0-1 

Melting jioints of the 

“C. 

•c. 

“C. 


’C. 

T. 

“C. 

•c. 

3r(l crop of crystals . 
Molting points of the 

117-5 

1 

117 -.5 

116-5 

115 

113 

104 

79 

64 

1th crop of crystals . 
Melting j>oints of the 

118-6 

118 

117 

112 

108 

89 

60 

65 

5th crop of crystals . 

120 

119-5 

118 

115 

i 

112 1 

! 

55 

53 


The amounts of paraffin wax added to tho mixture of cholesterol 
and phytosterol are therefore, in the order of the vertical columns, 2 
per cent, 3 per cent, 5 per cent, 7 per cent, 10 per cent, 20 per cent, 
50 per cent, 100 per cent, or, calculated on the original fat, 0-002 per 
cent, 0-003 per cent, 0-005 per cent, 0-007 per cent, 0-010 per cent, 0-02 
per cent, 0-05 per cent, 0-1 per cent. It will thus be seen that as 
little as 0-007 to 0-01 per cent of paraffin wax is capable of nullifying 
the indications of tho phytostcryl acetate test ; smaller quantities are 
practically without any influence, whilst larger quantities are readily 
detected. 

Polenske described a process for removing tho paraffin wax, and, 
furthermore, a method for ascertaining its quantity. I have repeated 
Polenske' s experiments, and can fully confirm their correctness. 

In order to ascertain the influence of paraffin wax on pure cholesteryl 
acetate, I prepared mixtures of pure cholesteryl acetate, of the melting 
point 113°-113'5° C., and of paraffin wax, and determined their melting 
points. 

Melting Point of Mixtures of Cholesteryl Acetate, Melting Point 
113-5° C., with Paraffin Wax (Lewkowitsch) 

Melting Point. 

97 per cent cholesteryl acetato+3 per cent paralfin wax . .110° C. 

93 „ „ „ +7 „ „ „ . . 100° C. 

On acetylating a mixture of 90 per cent of cholesterol and 10 per 
cent of paraffin wax, the presence of the latter can be detected at once 
by the appearance of a droplet of paraffin wax floating on the acetic 
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anhydride solution. On subjecting the acetylated mass to recrystal- 
lisation, as is done in the phytosteryl acetate test, the following results 
were obtained : — 

Melting point of the 2ud crystallisation . . , C. 

„ „ „ 3rd „ ... 90°-98“ C. 

„ „ „ 4th „ ... 86°-89° a 

„ „ „ 5th „ ... 8G°-92" C. 

It will thus be seen that the melting point falls rapidly, as must indeed 
be expected, since the parallin wax, being insoluble in alcohol, separates 
in its entirety, together with a gradually diminishing amount of chole- 
storyl acetate. 

As a corollary to these data, the result of experiments with 3 per 
cent of paraffin wax are given in the following table : — 

Acetates from a Mixture of 97 per cent of Cholesterol and 3 per cent 
of Paraffin Wax (Lewkoivitsch) 

Melting point of the 1st crop of crystals . . . 104°- 108° C, 

„ „ „ 2nd . . . 104°.109° C. 

3rd „ „ ... 103°- 109° C. 

„ „ „ 4th ... 103°- 109° C. 

„ „ „ r)th „ „ ... 103°. 108° C. 

The removal of the paraffin wax from the crude unsaponifiable 
matter is carried out according to Polenske by treating the unsaponifiable 
matter obtained from 100 grms. of fat ^ with 1 c.c. of petroleum ether 
(boiling below 50° C.) for twenty minutes in a w'atcr-bath at 15°-1G° C., 
transferring the mass to a small funnel closed with cotton wool, and 
washing with five successive portions, each of one-half c.c. of petroleum 
etlier. The paraffin wax is thus readily removed, whereas cholesterol 
and phytosterol, being much less soluble in cold petroleum ether, 
remain on the filter. The residue on the filter is then acetylated, and 
further treated as is usual in the phytosteryl acetate test. The draw- 
back of this method is that a certain amount of the alcohols is washed 
away, but it offers the countervailing advantage that more cholesterol 
is removed than phytosterol, so that the indications of the phytosteryl 
acetate test become more distinct, the proportion of phytosterol (if 
any) to cholesterol being increased. 

Polenske s method for the quantitative determination of paraffin 
wax consists in treating the unsaponifiable matter from 100 grms. of 
fat with 5 c.c. of concentrated sulphuric acid in a glycerin bath at 
104° to 105° 0. for one hour, when the alcohols are destroyed and the 
paraffin wax remains behind. The latter is extracted with low boiling 
petroleum ether, and weighed. In case minute quantities only of 
paraffin wax bo present, the treatment with sulphuric acid should be 
repeated. 

1 As caustic potasli sticks obtained in commerce are not infrequently covered with 
parallin wax, or liave been cast in moulds coated with p.arftilin wax, thi.s source of con- 
tarninatiou with small quantities of parallin wax must be guarded against when saponify- 
ing the fat. Cp. Beugeii, Zeits.f. Unters. d. Nahrgs- u. (Jenusaoi.^ 1910, xix. 271. 

VOL. I 2 Q 
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The following table, due to Polenske, shows the accuracy of the 
determination of paraffin wax in mixtures prepared from cholesterol 
and paraffin wax : — 



0*1 gr. of Cholesterol, to which had been added Paraltln Wax. 

0-003 gr. 

0-004 gr. 

0-005 gr. 

o-oi gr. 

0-1 gr. 

Ogr. 

Yielded raraflin Wax. 

1. After 1st troatnicnt 
with sulphuric acid . 

2. After 2ud treatment 
with sulphuric acid . 

Grins. 

0-0041 

0-0033 

Grin-s. 

0-0056 

0 0041 

Grins. 

0-0063 

0-0055 

Grins. 

0-014 

0-0105 

G rin.s. 

0-096 

0-092 

Grms. 

0-0029 

0-0005 


Unfortunately, by employing this method, the alcohols are de- 
stroyed, so that a confirmatory test cannot bo carried out. From a 
somewhat extended experience of this test the author ^ has been led 
to adopt the following method : The unsaponifial)le matter prepared 
from the suspected sample is converted into acetate in the usual manner. 
By observing the appearance of the acetic anhydride solution, paraffin 
wax amounting to 10 per cent of the alcohols can be detected at once 
by the appearance of a globule on the surface of the acetic anhydride 
solution. The globule of paraffin wax can be liltercd olf and, after 
washing with absolute alcohol, weighed. When determining the 
melting points of the consecutive crops of acetates the above given 
tables will serve as a guide. Only in case the presence of about 0-005 
to 0-01 per cent of paraffin wax be suspected, further examination is 
required. In that event all the crystals and the mother liquors from 
the several crystallisations are united and boiled down to dryness. 
The mixture of acetates and of paraffin wax (if any) is saponified with 
alcoholic potash, and the soap solution extracted with ether, so as to 
recover the original unsaponifiable matter. If the work has been 
carried out with due care, the saponification value of the dried mass 
can be determined, as important information may thus bo gained. 
This is brought out by the experiments detailed in the following table : — 


Saponification Values of Mixtures of Cholesteryl Acetate and 
Paraffin Wax (Jjewkowilsch) 



Calculated. 

Found. 

Cliolestcryl acetate 

136-6 


I. 0-1146 gnn. cliolestcryl acetate 



+ 0 0]00grTn, paraHin wax 

124-0 

121-6 

II. 0-11 38 gnn.cholosteryl acetate 



+ 0-0200 grm. paraffin wax 

116-2 

117‘3 


’ Lewkowitsch, Ohem. JUvm, 1907, No. 3. 
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The paraflhn wax can then be determined quantitatively in the 
recovered unsaponifiable matter as directed above. 

Windaus suggests purification of the “ sterols ” by means of digitonin 
(see Chap. III.), as follows : — 

Dissolve the unsaponifiable matter in 50 parts of boiling 95 per 
cent alcohol (or in case there be present some insoluble matter prepare 
an extract by boiling out with alcohol) and add a hot 1 per cent 
solution of digitonin in 90 per cent alcohol until no longer a precipitate 
separates out. The precipitate settles out after a few hours’ standing, 
is filtered on a Gooch crucible, washed with alcohol and ether, dried 
at 100° C., and weighed. From the equation 

082^140^20“ ^27114^0 |- 

Digitonin-* i iClioU'-, Digitonin. 

IchoJcsLcrol. sterol. 

it follows that if a bo the quantity of digitonincholesterol found, the 
quantity of sterol 5 is obtained by multiplying a with 0-2131 
For practical purposes the factor 0-25 is sulficiently accurate. 

:In the author’s experience the digitonin method does not always 
yield satisfactory results.^ 

The phytosterol referred to in the preceding lines should not be 
taken as consisting of a chemical individual. Since Windaus and 
Hauth ^ have found ^hat the “ phytosterol ” of Calabar ])eaus consists 
of a mixture of true pliytostcrol (sitosterol) and stigmasterol, the 
presence of the latter — conjointly with that of phytosterol — in vegetable 
oils has been proved in the case of rape oil, soya bean oil, etc. ^ 

The separation of stigmasterol from phytosterol is effected by 
acetylating the mixed alcohols and brominating their acetates, when 
tetrabromostigmasteryl acetate and dibromophytosteryl acetate are 
formed. The separation of the two esters is easily effected, as tetra- 
bromostigmasteryl acetate is insoluble in a mixtui-e of glacial acetic 
acid and ether, whereas dibromopliytosteryl acetate is soluble. The 
original alcohols are then regenerated from their bromoderivatives by 
reducing with zinc dust and acjctic acid in alcoholic solution. From the 
recovered acetates the original alcohols are prepared, and identified by 
their melting points, etc. 

In a similar manner brassicasterol is separated from phytosterol. 

For the separation of cholesterol from phytosterol the following 
method, based on the behaviour of their respective dibromides (see 
Chap. III. pp. 267, 276) to a mixture of ether and glacial acetic acid, was 
proposed by Windaus.^ The modus operandi is best illustrated by an 
example given by Windaus : — A mixture of 4 grms. of phytosterol and 
0-4 grm. of cholesterol was dissolved in 44 c.c. of ether, and 44 c.c. of a 
solution of 5 grms. of bromine in 100 c.c. of glacial acetic acid was added. 
No crystals of cholesterol dibromide separated. On adding 11 c.c. of 
50 per cent acetic acid a precipitate weighing 0*14 grm. and consisting 

^ Cp. Chap. III. p. 264. Cp. also H. Matthes and A. Dahle, Archiv d. PJuinn. 
1911 (249), 442. 

2 Berichte, 1906, 4381 ; 1907, 3681. » CAewi. ZeiL, 1906, 1011. 
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of practically pure cholesterol dibromide was obtained. This precipitate 
was washed with 22 c.c. of glacial acetic acid and subsequently with 
11 c.c. of 50 per cent acetic acid. On adding the wash liquors to the 
main filtrate a further precipitate weighing 0-24 grm. was obtained, 
which consisted of a mixture of cholesterol and phytosterol dibromides. 
From the filtrate 3 grms. of phytosteryl acetate could be recovered. 
Holde ^ stated that this method is unreliable when only small quantities 
of cholesterol are contained in the mixed alcohols. The author, ^ 
however, obtained satisfactory results by Windaus' method in the case 
of mixtures of animal oils and fats with vegetable oils and fats containing 
at least 20 per cent of the former. With smaller quantities of animal 
oils and fats the results were no longer accurate enough to permit of 
quantitative interpretation. For such ca.ses the author suggests the 
preliminary partial separation of the mixed alcohols by means of 
petroleum ether, in which cholesterol is much more soluble than phyto- 
sterol (Chap. III. p. 266 and p. 276). The ethereal solutions are evapo- 
rated to dryness and treated once more with petroleum ether. The 
alcohols obtained on evaporation are then treated by one of the two 
preceding processes. 

The bromide method can be used as a check on the phytosteryl 
acetate methods as regards quantitative interpretation. 

If the crude unsaponi liable matter be very impure, the purification 
by means of the digitonin product may be interpolated as a preliminary 
operation. 

Klaniroth ^ studied the application of the bromo-thormal test to 
the quantitative determination of mixtures of cholesterol, phytosterol, 
and stigmasterol. The numbers given in the following tables show 
that the “ Heat of Brornination ” test affords a very convenient and 
even accurate method. 


Brofno-ihermal Test of “ Sterols ” and their Acetates 


sterol. 

Cholesterol 

Sitosterol 

Stigmasterol 


Acetate. 


' C. alter two AliiiutCH. 

7-38 


14-3 


Heat of Uroiniiiatioii. 
C. 


Found after 2 min. 


CJali'i dated from 
iodine value. 


Cholesterylacetatc 
8ito,st(!rylae(!tate . 
Stigmasterylaeetate 


40 

12-7 


0-79 

(>•79 

12-42 


^ Zdls.f. angm. (Jhem,, 1906, 1609; ep. also P. Werner, Inmg. Dissert., Berlin 
1911, and Chap. III. p, 267. 

2 .fahrhuch der 1906, xvi. 406. 

Inaug. Dissert., Munich, 1911. 
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Mixtures of Cholesteryl- and Sitosterylacetate 


Mixture containinj:; 

Heat of Bromiiiation. 

"C. 

Calculated from Hr^at of 
Brominatioii. 

Cholosteryl- 

awitiitf. 

Hitonteryl- 

aeiitati'. 

Fuunil. 

Calciilate»3. 

Chole.steryl- 

ac:etato. 

Sitosteryl- 

aeetalo. 

Per eeiit. 

Per cent. 



Per cent. 

Per cimt. 

90 

10 

4-3 

4-35 

88 

12 

50 

50 

5-3 

5-35 

48 

52 

20 

80 

5-95 

60 

22 

73 

10 

90 

0-3 

6- 25 

8 

93 


Mixtures of Cholesteryl- and Stiymnsferylacelate 


Mixture rorilainiiig 

Heat of Brniiiinatioii. 

“0. 

Calculated from TTeat of 
Brominatiou. 

Cltolesteryl- 

aeetati.'. 

Stij^iiuisteryl- 

acetati-. 

Found. 

Calculated. 

Chole.steryl- 

aetdiite. 

Stiemasteryl- 

aeetate. 

Pi'r eiuit. 

Per eeut. 



Per cent. 

Pt!r cent. 

95 

5 

4-4 

4-43 

95-5 

4-5 

55 

45 

8-1 

8-0 

540 

460 

50 

50 

8-2 

8-35 

52-0 

48-0 

80 

20 

110 

110 1 

80 

200 


Mixtures of Sitosteryl- and Stigmasterylacetate 


Mixture containing 

lle.at of Bromination. 

“C. ; 

Calculated from Heat of 
Bromination. 

Sitosteryl- 

Stigmasteryl- 

Found. 

(Jalciilated. i 

Sitosteryl- 

Stiginasteryl- 

acetate. 

acetate. 

acetate. 

acetate. 

Per cent. 

Per cent. 



Percent. 

Per cent. 

95 

5 

! 6-75 

1 6-81 , 

1 96-0 

4-0 

50 

50 

! . 9-7 

9-6 1 

1 48 j 

520 

20 

80 

11'5 

1 11-40 i 

20 

80-0 


Comparative tables showing the relation between heat of bromina- 
tion and melting point of cholesteryl- and sitosterylacetate, cholesteryl- 
and stigmasterylacetate, sitosteryl- and stigmasterylacetate respectively, 
are given below : — 


[Table 




598 


EXAMINATION OF UNSAPONIFIABLE MATTER 


OHAP. 


Mixtures of Cholesterylr and Sitosterylacetate 


Heat of Bmmination. 

Molting Point. 

Cholestorylacotato. 

Sitostorylacotato. 

“C 

’C. 

For cent. 

For cont. 

4 

1130 

100-0 

0 

4-2 

117-6 

02-0 

8-0 

4-35 

118-6 

86-0 

14-0 

4-5 

120-5 

80-0 

20-0 

4-7 

123-2 

72-0 

28-0 

505 

126-2 

58-0 

42-0 

6-4 

127-5 

44-0 

56-0 

50 

128-4 

360 1 

640 

50 

128-2 

24-0 j 

76-0 

0-15 

128-0 

14-0 

86-0 

0-5 

127-0 

0 

1 

lOO-O 


Mixtures of Cholesieryl- and Stiymasteryl acetate 


Heat of Uroihination. 

Melting Point. 

Cliolesterylacetate. 

.Stigrnastorylact'tato. 

" O’ 

“C." ' ~ 

Per cent. 

Per cent. 

! 4 

113-0 

100-0 

0 

5-4 

117-8 

84-0 

16-0 

5-0 

110-2 

70-0 

21-0 

1 ^>-1 i 

120-4 

76-0 

24-0 

7-05 ; 

123-0 

65-0 

35-0 

! 10-3 I 

i 1.330 

28-0 

720 

! 11-4 ! 

1 1.37 0 

1.5-0 

85-0 

i 12-7 ! 

1 : 

141-0 

! 0 

100-0 


Mixtures of Sitosteryl- and Stiy master ylacet ate 


1 Heat of Bromination. 

Melting Point. 

8itosterylaeet.at<.‘. 

Stiginasteiylac 

‘C, 

•'C. 

Per cent. 

Fer cent 

6-5 

127-0 

100-0 

0-0 

7-0 

128-2 

92 » 

8 

7-5 

1.30-4 

84 

16 

8-15 

1.32-8 

7.3 

27 

8-55 

133-6 

67 

33 

8-9 

134-5 

61 

30 

9 2 

135 0 

56 

44 

10-0 

1.36-0 

44 

56 

11-4 

139-0 

21 

79 

12-7 

141-0 

0 

100 


Instructive is also the following table, in which tlie lieat of bromina- 
tion and melting point are given of successive crystallisations from 
alcohol of a mixture of 80 parts of choleaterylacetate and 20 parts 
of .acetates of Calabar bean phytostorols. The Calabar bean phyto- 
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sterols were chosen for comparison, inasmuch as they represent a 
typical and presumably constant mixture of sitosterol and stigma- 
sterol. 


Fraction. 

ITcat of 
Brottiination. 

Mc.Itiii;^ Point. 


” 0 . 


1. 

51 

120-0 

2. 

5-35 

1220 

3. 

5-7 

120-4 

4. 

6-4 

128-2 

5. 

7-3 

130-4 


Polenske ^ observed that from old and rancid fat there were always 
obtained larger quantities of unsaponifiable matter than from fiesh 
fat. In the case of old rancid fat it was not possible to obtain even by 
repeated crystallisation pure alcohols of normal melting points. The 
melting points of the acetates obtained from those alcohols are also 
lower than those derived from the corresponding fi'csh fats. 


B. Examination of Hydrocarbons 

The isolation of hydrocarbons contained in the unsaponifiable 
matter from oils and fats, their separation from the sterols and purifica- 
tion of the hydrocarbons themselves, involves a complicated investiga- 
tion which hardly falls within the province of a technical examination. 
Ill order to prepare sufficient quantities of hydrocarbons, it is necessary 
to work with very considerable quantities of oils and fats. 

It must, therefore, suffice here to enumerate those hydrocarbons 
which have been isolated hitherto in a state of purity, and to refer for 
the special methods adopted for this purpose to the original papers, 
given in Vol. II. under tlie headings of the oils and fats, fi'om which 
the hydrocarbons have been derived 


Hydrocarbons Isolated from Oil and Fats 



OocmTfiK;(' in 

M<'ltinK Point. 

Observer. 

CgoHjj, Pctrosilane . 

Parsley seed oil 

^C. 

69 

Matthes and Jlciiitz 

(^28^^58 . • • • 

ChrysaU.s oil 

62-5 

Menozzi and Moreschi 

C.,oH 42 , I^aurano. 

Laurel oil 

69 

Matthes and Sander 

^31^^64 • • • • 

Kosam seed oil 

67-68 

Power and Lee^ 

C30H48 (Arnyrilcno ?) 

Cacao butter 


Matthes and Bohdich 

(?) 

Buck thorn oil 

81-82 

Krassowski 


1 Arbeiten aus dem kaiserl. Gesundfieitsamte, 1912, 38, Heft 5. 
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2. Unsaponiflable Substances oeeurringr in Waxes 

In order to effect complete hydrolysis of the esters in waxes, it is 
advisable to saponify with double normal alcoholic potash under 
pressure, or preferably with sodium alcoholate (cp. Chap. 11. ). 

The unsaponiflable constituents of waxes consist of aliphatic alcohols 
[cetyl alcohol, ceryl alcohol, melissyl (myricyl) alcohol, etc.], or a 
mixture of these with sterols (“ phytosterol ” in the case of vegetable 
waxes and cholesterol and isocholestcrol in the case of wool wax) ; 
in the case of some solid waxes considerable proportions of hydrocarbons 
are also found. Since the unsaponiflable matter does not consist of one 
single chemical individual, -ultimate anah/sis does not furnish any useful 
data. Nor will the determination of the melting point yield more than 
some slight preliminary information, as will be seen from the following 
table giving the melting points of tho.se substances whicli are most 
likely to be met with in the unsaponiflable matter of solid waxes : — 


saponiHablc Substances. 

Melting' Toint, ’ 

Cetyl alcohol 

50 

Ceryl alcohol 

70 

Mclis.syl (myricyl) alcohol 

85 

Cholesterol .... 

148-4- 150-8 

Isocholestcrol 

137-1118 

Beeswax hydrocarbon C 271153 

00-5 

Qdu. . 

07 


With regard to the alcohols occurring in li(|uid waxes, cp. Vol. II. 
Chap. XIV. “ Sperm Oil.” 

If a mixture of several of these substances be present, the indications 
furnished by the melting point become of still le.ss importance, as small 
quantities of impurities considerably depress the melting point. Only 
in case a very high melting point has been obtained, conclusions may 
be drawn as to the presence of cholesterol, but it should be remembered 
that a mixture of cholesterol and isocholesterol melts below 1(K)° C. 

Ultimate analysis and the determination of the melting point 
will only furnish decisive information, if in the course of a detailed 
examination pure substances have been obtained. 

For the purposes of technical analysis the following two processes 
win furnish guidance as to the methods to be adopted for further 
investigation. 

1. Weigh off accurately from *3 to 5 grms. of the mixed unsaponiflable 
substances and boil with twice the weight of acetic anhydride in a 
flask under a reflux condenser. Pour the acetylated mass into 300 
c.c. of boiling water so as to hydroly.se the excess of acetic anhydride, 
allow to cool, and then Alter the separated mass through a weighed 
Alter (cp. Chap. VI. “ Mono- and Di-glyccrides ”), wash until the wash 
waters are no longer acid, and dry to constant weight {Lewkowitsch). 
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From the increase in weight, preliminary information may be gathered 
as to the proportion of alcohols present. For this purpose the last 
column of the table given p. 604 should be consulted. 

2. Boil the unsaponifiable substance with acetic anhydride, as 
described under 1, and observe the appearance of the hot liquid. The 
following three cases may present themselves : — 

{a) The unsaponifiable matter is completely dissolved in acetic 
anhydride, and no separation takes place on cooling. This indicates 
that aliphatic alcohols are present. 

{h) The unsaponifiable matter is completely dissolved in the hot 
liquid, but on cooling a magma of crystals separates out. This indicates 
the presence of cholesterol (isocholesterol) or phytosterol, or of some 
higher aliphatic alcohols, or of a mixture of these substances, 

(c) The hot solution is not homogeneous, a clear oily layer floating 
on the top of the hot acetic anhydride solution. This indicates the 
presence of notable quantities of hydrocarbons (naturally occurring 
hydrocarbons, or admixed paraffin wax, ceresin, etc.). Any alcohols 
such as described under {a) and (b) would remain dissolved in the hot 
acetic anhydride. The presence of cholesterol or (and) phytosterol 
would be recognised as under (b). If the lower layer be clear on cooling, 
alcohols of the aliphatic series may be present. 

An approximate separation of hydrocarbons from the alcohols can 
be effected by the following method, which the author has frequently 
employed with advantage : — The hot acetylated mass is transferred to a 
small separating funnel of thin-walled glass, as little acetic anhydride 
as possible being used to rinse the flask. The separating funnel is 
carefully warmed, so that all the alcohols remain in solution and two 
distinct layers are obtained. If too much acetic anhydride be used, 
notable quantities of hydrocarbons pass into solution.^ The clear 
lower layer is drawn off whilst hot, and examined for the presence of 
alcohols, as described below ; the upper layer of hydrocarbons is 
washed with a small quantity of acetic anhydride in the hot. 

The hydrocarbons are then allowed to cool, rinsed with boiling 
water on to a filter, and weighed. They may then be further examined 
by determining th/'ir melting point and iodine absorption, and if 
deemed necessary purified by re-cry.stallisation from suitable solvents 
and subjected to elementary analysis. The hot acetic anhydride 
solution containing the alcohols is run into boiling water, and the 
separated acetates (of aliphatic alcohols, cholesterol, etc.) are washed 
on a filter until the wash-waters arc no longer acid. 

By determining the saponification value of the acetates on the 
filter in the manner described under the heading “ Saponification 
Value ” (Chap. VI.), and comparing the numbers so found with those 
recorded in the table given below, some further information will be 
gathered as to the composition of the original alcohols. 

If a mixture of aliphatic alcohols with cholesterol or isocholesterol 

> Cp. Maveusson, Mitth. KQnig. Tech. Vers.-AnsL, 1900, 261 ; Dunlop, Journ. Soc. 
Chem, hid., 1908, 63. 
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be suspected, it will be useful to remember that the acetates of the 
sterols require larger quantities of hot 95 per cent alcohol for complete 
solution than do the ahphatic alcohols. Thus a separation of chole- 
steryl and isocholesteryl acetates from the acetates of the aliphatic 
alcohols can be attained to some extent. Complete separation, however, 
cannot bo effected, as has been shown by Lewkowitsch} From a mixture 
prepared from weighed quantities of cholesterol and cetylalcohol he 
obtained in two experiments 60 and 69 per cent of the theoretical 
quantities of pure cholesteryl acetate in the first crop of crystals, 
whilst the second crop of crystals — 9 per cent — contained notable 
quantities of cetyl acetate. Again, on boiling wool wax alcohols 
[consisting of cholesterol, isocholesterol, ccryl alcohol, and other 
unknown alcohols] with acetic anhydride, and trying to separate the 
acetates by crystallisation from alcohol, Lewhowitsch isolated ceryl 
acetate id a crystalline state, whilst the acetates of the cholesterols, 
with the acetates of the unknown alcohols, formed oily substances from 
which no crystals could be obtained. 

If cholesterol and isocholesterol be absent and only ahphatic alcohols 
are present (as in the case of carnaiiba wax, beeswax, spermaceti, and 
insect wax) the mixed acetates may be approximately resolved into their 
constituents by fractional crystallisation from alcohol. The determina- 
tion of the saponification values and also of the iodine values will 
furnish important clues. For further examination the acetates are 
converted into the corresponding free alcohols by saponification with 
alcohoUc potash. Incidentally the determination of the saponification 
values is combined with this operation ; when the excess of alcohohe 
potash is titrated back, the alcohols separate out. These are pre- 
cipitated completely by addition of water, and can be recovered quan- 
titatively for further examination. It will be useful to determine the 
melting point and the iodine value of the isolated alcohols, and to 
examine them qualitatively for cholesterol and isocholesterol. 

A. Leys “ proposes a method for the separation of alcohols from 
hydrocarbons (especially in the case of beeswax and carnaiiba wax), 
based on the treatment of the mixtm-e with an amyl-alcoholic solution 
of fuming hydrochloric acid (equal parts) in the hot ; the alcohols are 
thereby dissolved, whereas the hydrocarbons separate out as an insoluble 
mass. Leys saponifies 10 grms. of the substance with 25 c.c. of alcoholic 
potash (45 grms. potash in 1000 c.c. of absolute alcohol and 50 c.c. of 
benzene in a special flask ^ (see Fig. 55)). When the saponification 
is completed, 50 c.c. of hot water are added and boihng continued 
under a reflux condenser for a few minutes. The soap solution is 
drawn off while hot, and the benzene solution is washed with hot 
water. After withdrawing the wash-water completely, the benzene 
solution is evaporated to dryness in a porcelain dish. The residue is 
then transferred with 100 c.c. of hot amyl alcohol to a beaker and an 

^ Jmim. Hoc. (Jliem,. Iml., 1892, 143. 

* Journal de Pharm, et de Chimie, 1912 (v.), 577. 

’ Obtainable from J. Thurneyssen, 68 rue Monsieur le Prince, Paris. 
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equal volume of fuming hydrocHoric acid is added. This is then 
boiled over an asbestos plate ; the alcohols dissolve, whereas the 
hydrocarbons separate on the 
top as a cake. The hydro- 
carbons are taken off and 
boiled out once more witli a 
mixture of 25 c.c. of amyl 
alcoJiol and 25 c.c. of fuming 
hydrochlorrc acid. After cool- 
ing, the cake of hydrocarbons 
is taken off, rinsed with water, 
dried, and weighed. The 
ahiohols remaining in the lower 
layers are boiled with water, 
the acid solution is drawn off 
and the amyl alcohol solution 
well washed. The amyl alcohol 
is finally distilled off, the 
residue dissolved in benzene, and after evaporating the latter, are 
weighed. The alcohols may be further examined by the methods 
described below. 

Cholesterol and isocholestcrol can to some extent lie separated 
from one another by means of their benzoates. These ai'e prepared by 
heating the alcohols with 4 parts of benzoic anhydride ^ in a sealed 
tube to 200° C. for thirty hours (p. 271). The product is boiled out 
repeatedly with alcohol, in order to remove any adhering aliphatic 
alcohols. The mixed benzoates are tlien dissolved in ether and allowed 
to crystallise. Cholesteryl benzoate crystallises in hard rectangular 
plates, whereas isocholesteryl benzoate is obtained as a light crystalline 
powder, which can be roughly separated from the former by decantation 
and elutriation. Cholesteryl benzoate melts at 150°-151° C., iso- 
cholesteryl benzoate at 190°-191° C. For a confirmatory test, the 
benzoates should be saponified with alcoholic potash, and the cholesterol 
and isocholesterol precipitated by diluting with water. The separated 
alcohols may ‘be further identified by their optical rotations and their 
melting points.'^ • 

In the following table will be found a synopsis of those characteristics 
which prove of assistance in the examination of the solid unsaponifiable 
substances : — 



^ Schulze, Ikrichte, 5. 1076 ; 6. 2.51, 571 ; Jount. f. prakl. diem. 115. 163. 

“ Lewkowitach, Journ. tSoc. 0/iem. Ind,, 1892, 142. For a method of ascertaining 
the composition of an aliphatic alcohol by converting it into its palmitate and distilling 
tlie latter, when the corresponding unsaturated hydrocarbon is obtained, see F. Krafft, 
Berichte, 1883, 3018. 


[Table 
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According to Hell, tke substance, intimately mixed with soda-lime, 
is introduced into the tube i (Fig. 66), and the mixture covered with 

soda-lime. In order to reduce the 
volume of air to the smallest pos- 
sible amount, the sealed tube k is 
placed inside tube i. The latter is 
closed by a perforated india-rubber 
stopper p provided with tube r, 
which connects i with a Hofmann 
gas burette, filled completely with 
mercury, and closed at the top by 
means of the three-way tap[/^. The 
tube i is then immersed in an air- 
bath provided with a thermometer. 
Tube i is at first brought into com- 
munication with the air by tap h, 
then the height of tlie barometer 
and temperature of the air is noted 
and i connected with the burette 
by suitably turning the three-way 
tap. Part of the mercury is then 
withdrawn by tap q, and the air- 
batli heated to 300°-310^ C., until 
the level of the mercury remains 
iMg. r.f.. constant. The apparatus is then 

allowed to cool down to the tem- 
perature of the room, when the original pressure is again established 
by adding mercury. The volume of gas is then read off and calculated 
to 760 mm. pressure and 0^ C. The hydrogen may be measured either 
after drying the gas, or after saturation with moisture, when a correction 
for the tension of the water vapour must be made. The drying of the 
gas is done most conveniently by taking a longer tube i, and placing 
over k a layer of strongly heated soda-lime. 

A. and P. Buisine^ showed that the reaction does not take place 
quantitatively if a wax be heated directly with potash-lime (1 part of 
caustic potash and 2 parts of lime). They proceed therefore in the 
following way : 2 to 10 grms. of a wax, weighev^ accurately, are melted 
in a porcelain crucible, and an equal weight of finely powdered caustic 
potash is stirred into the melted mass. The hard mass obtained on 
cooling is carefully powdered and intimately mixed with three parts 
of potash-lime for every part of wax weighed off. The mixture is 
placed in a test-tube or a pear-shaped flask, <iare being taken that the 
vessel is nearly filled ; the mass is put into an iron still, filled with 
mercury, and closed by a cover having three nozzles. Through one of 
these passes the outlet tube from the glass vessel containing the sub- 
stance, whilst into the second is fixed a thermometer ; the third nozzle 
is provided with a long iron tube to condense or lead away the mercury 
vapours. 



Monit. scientif., 1890, 1127. 
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Instead of collecting the gas in a Hofmann burette, A. and P. 
Buisine prefer the apparatus designed by Dupre, and shown in Fig. 57. 
The gas evolved can be made to enter the vessel E either from the top, 
by opening tap A, or from the bottom, by opening tap B. The internal 
diameter of the glass tubes provided with its taps A and B is small. 
When all connections have been made, bottle E is filled with water by 
raising bottle F until water enters C. Tap D is then closed, bottle F 
lowered, tap A opened, and the mercury heated. At 180° C. the re- 
action commences ; the temperature is, however, raised to 250° C. and 
kept thereat for two hours. If gas is hberated copiously, tap A is closed 



Fig. 57. 

and B opened ; thus it is easy to control the progress of the reaction. 
When bubbles of gas nc^ longer rise through the water, tap B is closed 
and A opened. The apparatus is then allowed to cool down, and the 
gas introduced into the eudiometer ; the volume read off is reduced to 
760 mm.' pressure and 0° C. and calculated to 1 grin, of substance. 
With the aid of the above-given table the number of c.c. of hydrogen 
found is calculated to the proportion of the alcohol assumed to be 
present. It is of course obvious that simpler apparatus than the one 
shown in Fig. 67 may be readily constructed. For the modification 
employed by Ahrens and Hett cp. Vol. II. Chap. XIV. “ Beeswax.” 

If oleic acid be present the temperature should not be allowed to 
exceed 260° C., as otherwise palmitic acid is formed with evolution of 
hydrogen (see Chap. III. p. 168). 

Since cholesterol remains practically unchanged, it can be separated 
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ofE by extracting the powdered residue with ether in a Soxhht extractor. 
Any solid hydrocarbons, which have not been removed beforehand (by 
the acetic anhydride method, p. 601), will be extracted simultaneously 
with the cholesterol, and can now be separated from it by means of 
acetic anhydride. 

The soda-lime residue, freed from cholesterol and hydrocarbons, 
contains the salts of the fatty acids corresponding to the alcohols 
present. Thus cetyl alcohol, ccryl alcohol, and melissyl alcohol yield, 
respectively, palmitic acid, cerotic acid, and melissio acid. The salts 
are decomposed by means of sulphuric acid, and the liberated fatty 
acids collected, examined, and identified by their melting points and 
mean molecular weights. If a mixture of all three acids be present, 
palmitic can be readily separated from the other two by converting 
the mixed acids into sodium soaps and treating the mixture with 10 per 
cent alcohol, when sodium cerotate and melissatc remain undissolved 
and can be filtered off (cp. Chapter XI.). The soaps are then decom- 
posed by adding mineral acid and the mixture of cerotic and melissic 
acids is examined for melting point and moan molecular weight. If the 
melting point warrants the assumption that only cerotic and melissic 
acids are present, the respective proportions of cerotic and melissic 
acids can be calculated approximately from the mean molecular weight 
of the mixture (see Chapter XL). With regard to the unsaponifiable 
matter in “ montanwax ” see Vol. III. “ Montanwax.” 


B. DETECTION AND DETERMINATION OF ADMIXED 
UNSAPONIFIABLE SUBSTANCES 

Admixed solid unsaponifiable substances, such as parallin wax and 
ceresin, are detected and determined as described above. 

In manufactured products, such as “ commercial stearine,” “ Turkey 
red oil,” etc., lactones or anhydrides occur which may be mistaken for 
unsaponifiable matter. Due care must therefore be taken in such 
cases to guard against error (cp. “ Lactones,” Chapter VIII. p. 520). 
It should also be remembered that waxes are saponified with difficulty ; 
any portions that may have escaped saponification would be found 
amongst the unsaponifiable matter. 

Considerable quantities of liquid unsaponifiable substances may be 
due to legitimate admixture with hydrocarbons, as in the case of 
burning or lubricating oils (cp. Vol. III. Chap. XV.). In the majority 
of instances, however, they constitute adulterants. 

Liquid unsaponifiable substances may consist of mineral oils, rosin 
oils, or tar oils, or a mixture thereof. In case only one class of these 
oils be present, the specific gravity will furnish the readiest means of 
identifying the liquid unsaponifiable matter, as may be gathered from 
the following table : — 
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Class of Oil. 
Heavy mineral oils 
Rosin oils 
Coal tar oils 


Specific Gravity. 

. 0-840-0-990 
. 0960-1-01 
. higher than 1*01 


Mineral Oils. — The lower limit of tlieir specific gravity has been 
placed here by the author at 0-840, since admixture with mineral oils 
of lower specific gravity is as a rule not practised, as the specific gravity 
alone (as also the low flash point) of an adulterated fatty oil would reveal 
ilie presence of hydrocarbon oils of lower gravity. If mineral oils 
be present, the distillation products of crude petroleum, shale, and 
lignite, boiling at 250°-300'^ C. and having the specific gravity 0-855- 
0-900, may be expected. Sometimes also higher boiling oils of the 
specific gravity 0-900-0-930 are met with in adulterated oils and fats. 

Mineral oils of still higher specific gravity, up to 0-990 (Texas oils), 
are mostly too dark to be used for admixture with oils and fats, frac- 
tions boiiing below 250'" C., such as those contained in “ kerosene ” 
(burning oil), will only be found in very small quantities ; they are 
best detected by the flash iioint test (see Vol. III. Chap. XV.). 

Rosin Oils. — The specific gravity of these oils which are obtained 
by subjecting colophony (rosin) to destructive distillation (cp. Chap. X. 
p. 617) and fractionating the distillate into “ rosin spirit ” (“ pinolin ’’) 
and “ rosin oil,” ranges as a rule from 0-96 to 0-99 ; yet rosin oils 
liaving the specific gr.avity 1-01 arc also met with in commerce. The 
chemical composition of rosin oils is not yet fully understood ; they 
consist mostly of hydrocarbons related to the terpenes, but contain 
also, according to the care exercised in distilling, larger or smaller 
quantities of ” rosin acids ” and other oxygenated substances. This 
is shown in the third column of the following table, in which the analyses 
of a number of commercial rosin oils,^ carried out in the author s 
laboratory, arc detailed : — 


Commercial Eosin Oils {Lewlmci(sch) 


Rosin Oil. 

Specillc Gravity 
at 60'’ F. 

Rosin Aei<is, ralcu. 
lateii to Combining 
Weight 3)6.- 

“Soft”. 

0-9878 

Per cent. 

9-2 

“ Medium " . 

0-9946 

26-3 

‘“Hard ” 

0 9974 

31-2 


0-9877 

19-6 



0-9890 

20-3 

•1 • ' • • 

0-9982 

18-G 

“Siccative” . 

0-9955 

4-9 

“ Extra hard oil ” . 

1-0115 

18-4 


1 With regard to ro.siu oil from Pinus longifolki cp. F. Rabak, PJumii. Ileoiew, 1905 
(23), 229. 

It is doubtful whetlier the “rosin acids” are actually “abiotic acid,” as lias been 
assumed for purposes of calculation, or rather acidic products due to the destructive dis- 
tillation of abiotic acid (cp. F. Schulz, Chem. Jtevue, 1909, 187). 

VOL. I 
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It should be noted that any rosin oils found in the unsaponifiable 
matter are free from the rosin acids originally contained in the com- 
mercial oils, the rosin acids having combined with caustic potash to 
form soap in the saponification process. Therefore, if rosin oil has 
been detected, the original amount of admixed “ rosin oil ” exceeded 
the amount found by quantitative analysis. If no colophony was 
added to the sample under examination, then the amount of rosin 
acids can be determined by TivilchelV s method (see p. 625). If, how- 
ever, colophony also was added, then an approximate estimation only 
can be made with the aid of the numbers set out in the last table. 

Coal Tar Oils. — The oils falling under this head boil between 240° 
and 350° C. They are freed for the most part from naphthalene and 
anthracene by cooling, and from phenols by washing with caustic soda. 
They are used as such as lubricants in gas suction pumps or as in- 
gredients of lubricating greases, and are employed as adulterants of 
painters’ varnishes and in lubricating oils. 

Their specific gravities are above 1*00. 

The indications furnished by the specific gravity test alone are 
of very limited value if a mixture of two of the described classes of 
oils, or even all three, be present. The following methods for further 
examination are available : — 

The most reliable test for the detection of rosin oil in mineral oil, 
provided the rosin acids have not been removed in the preparation of 
the unsaponifiable matter, is, as the author can testify from his own 
experience, the Liehermann-Storeh reaction : 

1 to 2 c.c. of the sample under examination are shaken, in a test- 
tube, with acetic anhydride - at a gentle heat ; after cooling, the acetic 
anhydride layer is drawn off by means of a pipette, and tested by 
adding one drop of sulphuric acid of 1-53 specific gravity.® If rosin 
oil is present, a fine violet (fugitive) colour is immediately produced. 

If less than 1 to 2 c.c. are available, the test can be done on a watch- 
glass, by stirring the liquid with acetic anhydride and allowing a drop 
of sulphuric acid to run down the side. 

It should be borne in mind that cholesterol gives a similar colour 
reaction. If, therefore, cholesterol^ be suspected, the presence of 
rosin oil would be proved best by examining the mixed fatty acids 
(obtained from the soap solution) for rosin acids (see below), which 
always accompany rosin oils.® A more complicated method would be 
to identify cholesterol as the benzoate. 

The refractive index of rosin oils = 1-535-1 *5548, whereas mineral 


^ For a characteristic colour reaction of pinolin proposed by Grimaldi see Vol. III. 
Chap, XV. “ VuriiLshes.” 

It is advisable to iiscertain the purity of the acetic anhydriiie by a blank te.st. 

3 This acid contains 62-53 per cent of SO 4 H 2 ; it is prepared by mixing 34-7 c.c. of 
cone, sulphuric acid with 35*7 c.c. of water. 

* Green fluorescence of the liquid, after the violet colour has disappeared, points to 
the pre.sence of isocholesterol. 

® Recently rosin oils have appeared in the market, whicli are so well refined that they 
do not give the Lieberrnann-Storch colour reaction. 
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oils are lower but may reach 1*507. The flash point of rosin oils lies 
above 250° C. ■ 

The quantitative determination of mineral oil in mixtures of mineral 
oil and rosin oils is of practical importance in the examination of 
lubricating oils. The methods hitherto elaborated will be described 
under the heading “ Lubricating Oils ” in Vol. III. Chap. XV, 

If rosin oils be absent, and the specific gravity points to the presence 
of tar oils, the latter may be detected with the aid of nitric acid of 
specific gravity 1-45.^ Tar oils exhibit a decided rise of temperature on 
mixing with this acid, whereas mineral oils become but slightly warm. 

, It is best to ascertain by a preliminary test whether a violent reaction 
takes place or not, as the size of apparatus to be chosen for the experi- 
ment depends on the result. 7*5 c.c. of the sample are placed in a 
graduated tube, cooled to 15° C., and 7*5 c.c. of nitric acid, specific 
gravity 1*45, previously cooled to 15° C., are added. The tube is 
closed by a cork, provided with a thermometer, and the contents are 
shaken thoroughly. The rise of temperature is then read off. If a 
strong reaction has occurred, it is advisable to employ smaller quan- 
tities, and to proceed as in Maumene's temperature reaction test (sec 
p. 479). The same reaction has been proposed by M^Ilhiney'^ for 
the detection of rosin oil in a mixture of this oil with mineral oils. 

The qualitative detection of rosin oils by means of tlieir optical 
rotation will be dealt Avith under the headings “ Linseed Oil ” (Vol. II. 
Chap. XIV.) and Lubricating Oils ” (Vol. III. Chap. XV.). 

Keccntly Valenta^ proposed a method based on the observation 
that dimethylsulphate ^ dissolves coal tar hydrocarbons readily at 
the ordinary temperature and is miscible with them in all proportions, 
wliereas it does not dissolve petroleum hydrocarbons in the cold. The 
further observation that dimethylsulphate has a very slight solvent 
action upon rosin oils in the cold led Valenla to propose dimethylsulphate 
as a suitable reagent for separating aromatic hydrocarbons from ali- 
phatic hydrocarbons, and for determining quantitatively their respective 
proportions in a mixture. Valenta's directions are as follows : Place 
in a stoppered 100 c.c. cylinder, graduated in -5 c.c., an accurately 
measured volume of the mixture add one and a half volumes of di- 
methylsulphate, shake for one minute, and allow to stand at the ordinary 
temperature until two Hyers have formed. Read ofi the increase of 
the dimethylsulphate layer, and calculate this to coal tar oils. Check 
experiments made by Valentxi with mixtures of (1) petroleum hydro- 
carbons and coal tar oils, (2) rosin oil and coal tar oil, (3) petroleum 
hydrocarbons, rosin oil, and coal tar oil, gave very satisfactory results 
for coal tar oils. 

^ Breiikeii, Zeits.f. analyi. €hevi., 1879, .546. 

2 Journ. Avier. (J/iem. Soc. 16, S85. ’ Chtm. ZeU., 1906, 266, 

* Dimethylsulphate 80 .^( 00113)3 hoa the specific gravity 1*334 at 15" 0. aud boils at 
188° C. It should be uoted tliat dimethylsulphate is poisonous. Besides the aromatic 
hydrocarbons there are also soluble in dimethylsulphate: Nitro-benzene, nitro-toluene, 
phenol, cresols, and all bases ; ether also is readily soluble in dimethylsulphate. Olive 
oil, rape oil, aud cotton seed oil form an emulsion with dimethylsulphate, which gradu- 
ally deepens in colour to brown, aud separates in a short time into two turbid layers. 
Glycerol behaves similarly, but does not become coloured brown. (Harrison and Perkin.) 



612 


EXAMINATION OF UNSAPONIFIABLE MATTER 


CHAP. 


The oil dissolved by the dimethylsulphate can be recovered by 
boiling the solution with alcoholic ^ soda or potash, diluting the saponi- 
fied mass with water and extracting with ether, in the same manner 
as the unsaponifiable matter is determined. Thus the quantitative 
determination of tar oils in mineral oils would become feasible. Dilu- 
tion of those lubricating oils which are too thick to permit their being 
shaken up with dimethylsulphate [e.g. with nitro-benzene which is 
soluble in dimethylsulpliate) cannot be recommended, as Harrison and 
Perkin - have shown that erroneous results are obtained. 

According to (traefe,^ Valentus reagent is useful in the case of 
high-boiling petroleum oils, but fails in the case of low-boiling petroleum 
distillates as they are very appreciably soluble in dimethylsulphate, 
TJiiis a mixture consisting of coal tar benzene and a little petroleum 
ether gave no separation after treatment with dimethylsulpliate, the 
solution being even capable of dissolving more petroleum ether, Graefes 
experiments with petroleum oils, lignite tar oils, and various mixtures 
are set out in the following tables : ^ — 


Soluhilitg of PetroUum Oils in 1 Volumes of Diniethiflsulgdiate 


Kiml of Oil. 

Si>e<.‘i(ic 

Oravity. 

Hoiliii 

I’oiut. 

C. 


I’er cent 
ClissolV(!(l. 

Petroleum ether 

0-fg)l 

72% from 

:J7 to 

8.9 

12 

,, . • . 

0-70S 

" b% , , 

,, 

100 

15 

,, ... 

OuSu 

97 ,, 

71 „ 

1 2t! 

15 

Russian petroleum . 

0-S21- 

9t/o ,, 

i:j9 ,, 

'm 

6 

American hurning oil, ‘‘ water 






white ” . . 

0-790 

9.‘1% 

141 

:.ioo 

4 

American burning oil, “stan- 





dard white ” 

0-799 

to% „ 

121 

aoo 

4 

Galician pcti-oleum . 

O-SO.'. 

81% „ 

119 ,, 

300 

7 

Paraftin oil .... 

0-890 



0 


Soliihilify of Lignite Tar Oils in 1 ^ Volumes of Dimethylsulphate 


Kind of Oil. 

Spccillc 

Gravity. 

nfeilitin Point. 

"G. 

Per cunt 
dissolved. 

Petroleum ether 

0-792 

96% 

IVom 127 to 200 

20 

Solar oil 

0-827 

98% 

„ 141 ,, 235 

30 

“ Cleaning oil ” 

0-859 

95% 

,, 191 ,, 250 

29 

Pale jiarailin oil . . . 

0-864 

71% 

„ 205 ,, 300 

15 

Red oil 

0-879 

76% 

,, 292 ,, 300 

21 

Gas oil 

0-892 

81% 

,, 200 ,, 300 

29 

Heavy j)aranin oil , 

0-918 

80% 

,, 2-26 ,, 300 

18 

Extra heavy ]*ara(lin oil . 

0-933 

-1% 

,, 250 „ 300 

20 


’ Aqueous solutions cause bninping. 2 Aimlyst, 1908, 7. 

•'* Chem. Rev., 1907, 112. ■» Analyst, 1908, 2. 
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Soluhiliti/ of Mixtures of Coal Tar Benzene with Petroleum Ether in 
I J Volumes of Dimethylsulphate 


Benzeuu in Mixture. Fcr ninii 

Per cent. dissolved. 

10 22 

20 30 

30 45 

40 CO 

50 70 

00 92 

70 100 

80 iOO 

90 100 


SoluhilUjj of Mixtures of lAgfU Coal Tar Oil ivith Russian Petroleum ^ 
in U Vohimes of Dimet/ii/lsulphate 


Li<,diL Coal Tar Oil in Mixture. I’or cent 

Per cent. tlissolved. 

10 12-5 

20 200 

30 300 

40 400 

50 500 

00 01 

70 75 

80 85 

90 97 


Solubility of Mixtures of Heavy Coal Tar Oil with Gas Oil from 
Petroleum in Votumes of Dimethylsulphate 


Heavy Coal Tar Oil in Mi: turc. Per emit 

P(‘r cent. di.ssolved. 

10 11 

20 20 

30 30 

40 39 

50 50 

00 00 

70 70 

80 81 

90 91 


^ This Russian petroleum was soluble in IJ volumes of dimethylsulphate to the 
extent of 6 per cent (see 1st table). 
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Solubility of Mixtures of Heavy Coal Tar Oil with Heavy Lignite Tar 
Oil in T| Volumes of Dimethylsulphate 


Heavy CoalTar Oilin Mixture. Percent 

Per cent. dtssolved. 

10 25 

20 20 

30 39 

40 49 

50 59 

GO 69 

70 70 

80 89 

90 98 


Harrison and Perhin} whilst confirming Graefes results with regard 
to low-boiling petroleum hydrocarbons, found that in the case of 
mixtures of tar oils with Ameri(*-an and Russian lubricating oils the 
volume of extracted tar oii was less than theory demanded, whereas 
in the case of Roumanian and Galician petroleum oils, as also of Scotch 
shale oils, the volume of the extracted oil was greater than theory 
required. This appears to be due to the fact that the Galician and 
Roumanian petroleum oils, as also shale oils, are moie soluble in di- 
methylsulphate than are American and Russian oils. (In the case of 
Galician and Roumanian oils, at least, this would find its explanation 
in the fact that these oils are comparatively rich in aromatic hydro- 
carbons.) 

Although Valejita's method does not yield quantitative results,^ it 
must be considered a decidedly useful qualitative method. 

In applying Vale}(ta’s method it should never be omitted to examine 
the dissolved oil separately, as thereby useful indications may be 
gathered, 

^ Analyst, 1908, 2. 

111 Harrison anal Perkins opinion the results are so erratic that (luantitative result 
seem to be only accidental. 



CHAPTER X 

DETECTION AND QUANTITATIVE DETERMINATION OF ROSIN 


1 . Properties of Rosin 

Common rosin or colophony ^ is the residue obtained on lieating turpen- 
tine (pine rosin) the sap obtained by “ tapping ” pine trees — in 
a still until all the moisture and the oil of turpentine (“ oil of turps ”) 
is distilled od. The distillation is frequently supported by passing a 
current of steam through the heated mass. After driving off the “ oil 
of turps,” the steam is shut off and the melt in the still is heated for 
some little time, so that the mass may remain completely amorphous 
after cooling in the easks into which it is run in the hot state, and in 
which it solidifies. Colophony forms a light yellow to dark brown 
transparent mass, the colour of which depends on the manner in which 
the distillation has been conducted and on the temperature which 
obtained during the distillation process.^ 

French rosin (from Pinus maritirna) is known in commerce by the 
name “galipot.”® The various qualities of American rosin ^ are 
distinguished by the letters of the alphabet. “ A ” is almost black. 
As the letters ascend in the alphabet, the rosins represented by the 
different letters are paler and more transparent. “ W,” or “ W.G.” 
(“ window glass ”), or “ W.W.” (“ water white ”) are the palest and 

^ From KoIophi»i; a town in which rosin was distilled. 

- C{). Schwalbe, Ze'ds. f. ang. Chevu, 1908, 1852 ; Walker, Wiggins, and E. C. Smith, 
Tcchnoloy. Quarterly, Sept. 1905. 

^ Cp. Coflignier, Mannd du Fahricant de Vernis. 

^ For a survey of the turpentine industry in the United Stales cp. “ Report on the 
Turpentine Industry in the United States,” No. 647, Diplomatic and Cunsular Reports, 
1906. Tlie following daia may be of general intiirest : — 


Export of Rosin from the United States of America, valned in Dollars 



1902. 

1908. 

1904. 

1905. 

1906. 

Kngland 

. 1,4*23,853 

1,462,804 

1,882, *280 

1,704,185 

2,238,386 

Geriiiaiiy . 

902,768 

1,076,646 

1,858,017 

*2,025,866 

*2, 842, *288 

Holland . 

830,786 

417,305 

612,091 

803,008 

1,010,478 

RusHia 

196,003 

431,1*23 

271,831 

196,7*26 

276,054 

Belgium 

180,916 

249,611 

141,936 

167,450 

227,097 

Austria-Hungary 

148,*231 

10*2,775 

226,859 

‘276,546 

531,304 

Total 

. 4,202,104 

4,817,205 

6,621,870 

7,069,084 

9,899,080 


616 
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most transparent qualities. During recent years Spanish rosin is being 
imported into this country in considerable quantities. For further data 
as to rosins of different origin see Vol. III. Chap. XV. “ Varnishes.” 

Eosin possesses vitreous lustre ; it is very brittle, and breaks with 
shallow conchoidal fracture. The specific gravity of colophony or 
common rosin — or shortly “rosin” — varies from 1*045 to 1*085 at 
15° C. The melting points of different rosins vary considerably, 
this depending on the amount of rosin oil in the colophony. Some 
varieties soften at 70° C., and become semi-fluid in boiling water ; 
others melt at 99°-100° C., or even at 120°-140° C. Rosin docs not 
melt, however, to a clear liquid, like fats and fatty acids do. On 
warming, rosin emits a pleasant terebinthinate odour ; at a higher 
temperature, it burns with a dense yellow and sooty flame, sending 
forth a very characteristic smell. 

On subjecting rosin to destructive distillation, “ rosin spirit,” 
“ pinolin,” and “ rosin oil ” are obtained as distillates, whilst coke is 
left behind. 

Rosin oils arc differentiated in the trade as “ soft,” “ medium,” and 


Kj-ports of Rosin f 


I tStaf.es of America in Tons ' 


1W2-3 . 
J 903-4 . 


2<i!i,0O',» 

271,808 


1004-7) . 


. 242,780 

1005.(i . 


. 241,243 

100(3-7 . 


. 270,090 

1007-8 . 


. 277,707 

10(»S-0 . 


. 220,33(3 

1000-10 . 


. *200,034 

1010-11 . 


. 22ri,0‘24 

1011-12 . 


. 2r)3,01(5 

1012(7 months, .Apiil-Octob(*r) . 

. ir»i,78j 

Exports of Rosin from France in 

Tons * 

1003 


. •23,320 

loot 


30,807 

lOO.j 


. .0'l,382 

1906 


. 37,888 

1007 


. 37,031 

1008 


. 40, *230 

lOOit 


. 07, *234 

1010 


. .or), 77)1 

1011 


. j 08,7.80 

1912(11 months) . 


. 07,008 


Imports of Rosin into (ireat Britain from all Raurces in Tons * 


From 

1002. 

1003. 

1004. 

1905. 

1900. 

1907. 

1008. 

1909, 

United States 

. 70,010 

81,542 

71,810 

.08,425 

00,043 

60,205 

50,989 

60,310 

France 

. 13,084 

2,480 

17,800 

17,902 

11,793 

11,780 

10,00(3 

14,610 

Spain , 




3,429 

3,589 

3,454 

4, ,890 

4,495 

Poitugal 







1,7)50 

803 

All other countries 

318 

010 

720 

775 

1,111 

1,279 

041 

781 

Total 

. 92,017 

84,038 

00,402 

80,531 

82,536 

82,808 

82,120 

70,990 


For further data and for the exports of rosin from Spain see Vol. Ilf. Chap. XV. under 
“Oil of Turpentine.” 


These numbers are taken from a circular of Me.s.sr.s. James Watt and Son, Jjondou. 
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“ hard ” oils. “ Soft ” rosin oil is obtained by slow distillation and 
contains a small amount of rosin acids. 

“ Hard ” rosin oil is obtained by rapid distillation, when larger 
quantities of rosin acids are carried over mechanically. 

The “ soft ” oil is used for making axle grease, whereas the “ hard ” 
oil finds application in the production of lubricating oils by admixture 
with anthracene oils.^ 

By distillation of rosin in vacuo, a hydrocarbon (colophene ?) and 
an acid C3QH32O2 (isosylvh; acid) were obtained.^ 

Kosin is insoluble in water but dissolves easily in alcohol, 1 part 
of rosin requiring no more than 10 parts of 70 per cent alcohol for 
complete solution. The alcoholic solution has an acid reaction. The 
acid can be neutralised by titration with alkali, using phcnolphthalein 
as an indicator. Rosin is also soluble in methyl alcohol, amyl alcohol, 
ether, benzene, acetone, chloroform, carbon bisulphide, carbon tetra- 
chloride,^ and oil of turpentine. Most of its constituents dissolve in 
petroleum spirit, the percentage of insoluble matter varying from 1 
to 20 per (;ont in different sanq)l(‘s. Solutions of rosin do not leave a 
grease-spot on paper. 

Colophony contains varying (|uantities of “ unsaponifiable matter,” 
viz. hydrocarbons, due to the ])artiul luvaking up of the acid on dis- 
tilling pine rosin. The following table shows how widely diffei’eiit in 
this respect commercial rosins are : — 


Origin. 

Unsaponifiable. 

Observer. 

French .... 

Per cent. 

15-2 

Jean 

American “W.W.” 

7-34 

Evans and Black 

„ “W.G.” 

5 '00 


„ “N.” . 

9-00 


n “N.” . 

8-21 


„ “M.” . 

7-61 

i* 


The quantitative methods used in the analysis of oils, fats, and 
waxes have also been applied t(" the examination of rosin, since rosin 
is frequently found in admixture with oils, fats, and waxes, and the 
commercial products ^^rived therefrom. The examination and deter- 
mination of rosin is of especial importance in the analysis of soaps. 
In the following table the author has collated some numbers obtained 

^ K. von Boyvit, German patent 210,8^0, obtains from rosin by treating it with (30 
per cent of its weight of) .syrupy phosphoric acid, a uniform product boiling nt 350'" C. 
without any lower boiling hydrocarbons being produced. This rosin oil is stated to have 
a very faint odour only ; cp. also K. Bosch, French p.atent :5.'>7,391 ; 0. Sprenger, 
French patent 399,700 ; Eiigli.sh patent 5978, 1909; C. P. Ogilvie and G. Mitchell, 
Swedish patent 52,277 ; J. Ljubarski, French j)atent 414,919 ; English patent 13,128, 
1910. A distillation “run” with rosin “C” has been described by F. Schulz, iJhevi. 
Revue, 1909, 18(5. With regard to recent developments of the distillation process see 
T. W. Pritchard, Journ. Soc. Chem. Ind., 1912, Hs. 

2 Bischotf and Nastvogel, lierkhte, 1890, 1919 ; Journ. Soc. Chem. Rid., 1890, 927 ; 
cp. also French patent 409,020, L. B. Castets. 

^ Cp. C. Baskerville and II. S. Riederer, Journ. hid. Rug. Chem., 1912 (4), 645. 
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by the methods described in Chap. VI. It should, however, be dis- 
tinctly understood that these numbers can only be looked upon as 
defining the limits within which a given sample may fall. It may 
be stated as a general rule that the darker a rosin is, the smaller is the 
difference between its saponification and neutralisation values. This 
will be gathered by examining the numbers given in Column III. of 
the table. 




1. 

11. 

HI. 

IV. 


Kiiitl of Rosin. 

Neutral- 

isation 

Saponill- 

cation 

Hitler- 
ence, . 

lodiuo 

Observer.! 



Value. 

Value. 

II.-I. 



Austrian 


1 lt.i-0 

167*1 

21*1 

116*8 

V. Schmidt 







and Ei'hau '^ 



130*4 

146*8 

16*4 

109*6 

,, 

Austrian, 

pale 

163*0 




Kremer' 

,, 

(lark 

1.01*0 




,, 

Aimuican 


173 0 




,, 



loo-o 







l,sl*0 



178*9^ 

Mills’" 

American 

“ W.W.” 

13 1*1 

183*6 

‘29-5 

92*1- 

Lowko- 






93*5 

wit sell'* 


“ W.G.”. 

1 61 *4 

178*9 

17*5 

j 113-111 

,, 


“ W.G.”. 

163*3 

184*3 

21*0 

104-107 

,, 


“W.” . 

161*3 

191*3 

30*0 

62-64 

,, 

,, 

“ V.” . 

164-6 

191*0 

30*0 

35-58 

,, 


“F.” . 

139*0 

174*7 

15*7 

111-113 

,, 

French (Galipot) . 

138*65 

174*70 

36*11 

121*5- 

,, 






123*5 


American 

“ F.” . 

153*8- 

165*2- 

5*5- 


Weger 



169*4 

176*1 

11*8 




“ N.” . 

157*3 

174*3 

17*0 

168*47 

Smetham 







and Dodd 


“ W.G.” , 

160*1 

177*3 

17*2 

165-9 

,, 

,, 

“ W.W.” 

154*5 

174*3 

19*8 , 

158*5 


,, 

“ Witc.”. 

160*8 

177*6 

16*8 

184*7 



” Nemo ” 

162*0 

176*4 

14*4 

181-0 



Spanish rosin simulates in its characteristics French rosin {Galipot). 

M^'Ilhiney showed that the iodine number varies with the time 
allowed for the absorption and with the excefs of iodine used, to a 
much greater extent than is the case with oils and fats, and he therefore 
concluded that the Hiibl process does not furnish useful results in the 
examination of rosin. This is indeed borne out by the numbers given 
in the two following tables : — 

^ Cu. alHO C. G. Scliwalbc and E. Kiiderliug, Joiirti. Soc. Ghem, lnd,y 1911, 1398. 

2 Journ. Soc. Chem. hid., 1889, 308. * Wagner’s Jahresbericht, 1886, 443. 

* Calculated from the bromine value 112*7 by multiplying by V(/* 

^ Journ. Soc. Ghevi. Jml., 1886, 222. 

^ Ibid., 1903, and unpublished experiments. These iodine numbers were 

determined with Jhibl’s solution, which was allowed to act for six hours. Cp. also 
C. Ahrens, Zeits. f. bjfentt. Cfiem., 1908, 463. 

7 JIdbl iodine solution was used and allowed to act for eighteen hours {Journ. Soc. 
Ghem. Ind., 1900, 101). 
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Iodine Absorption of Rosin from Huhl Solution'^ 



Iodine Number (Iliibl). 

After 2 hours. 

After 4 hours. 

After 18 hours. 

After 7 days. 

Rosin “W.W.” . 

116-5 

124-1 

158-5 


„ "N.” 

114-.3 

125-3 

1G8-4 

165-3 

„ "W.C." . . 

1 

115-5 

121-7 

]65'9 



Iodine Absorption of Rosin from JRijd Solution 



After 

Absorptjou. 

Observer. 

Rosin “N.” .... 

10 minutes 

171-2 

Smetham & Dodd 


20 „ 

177 5 

,, 


30 „ 

183-6 

,, 


1 liour 

194-8 

,, 


18 liours 

249-4 ; 249-4 



48 „ 

270-5 


Rosin “N.” 

2 liours 

165-3 

Lewhowitseh 


24 ,, 

172-2 

,, 

„ “W.” .... 


159-9 



24 ,, 

195-8 


„ “W.G.” 

2 

219-0 

>1 


10 \\ 

214-2 

»> 


18 „ 

216-0 



24 ,, 

237-7 



M^Ilhiney ^ prefers, therefore, to apply the bromine absorption 
method described above (Chap. VI. p. 394) to the examination of 
rosin. From the results obtained with two specimens of rosin (“ W.G.” 
and “ E.”), M'^Ilhiney^ concluded that the absorbed bromine is entirely 
taken up by substitution. Hence the bromine addition value of rosin 
would bo practically nil. In further support of his contention that 
the bromine absorption numbers for rosin lead to more definite numbers 
than does the iodine absorption by HuhVs process, M^Ilhiney ^ published 
some numbers which I collate in the following table. In order to show 
the discrepancy between the bromine and the iodine numbers more 
clearly, I have calculated (see Column II.) the observed bromine 
absorption numbers to iodine numbers, by multiplying the former 

by 


1 Smetham and Dodd, Joum. Soc. Chem. Ind., 1900, 101. 
® Journ. Amer. Omn. Soc., 1894, 276. 

» Ibid., 1902, 1109. 
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Bromine Absorption of a Sample of American Bosin^ “ IF.G^ 



Timo. 


Bromine Absorption. 

I. IT. 

III. 

Iodine Absorption. 
Per cent. 



Experiment. 

Per cent Bromine. 

Calculated to Iodine 
Absorption. 

(Found by ITiibVa 
Method.) 

hours. 

mills. 





0 

2 


160-8 

2.6.5 -3 


0 

18 


174-5 

277-0 


1 

0 




126-7 

1 

9 


178-0 

282-6 


2 

0 . 




133-1 

4 

0 




142-0 

8 

0 . 




144-8 

18 

0 




160-3 

20 

0 


213-4 

338-8 


62 

0 




172-6 


Experiments made in tlie anthor’.s lal)oratory sliow, however, tliat 
commercial rosins do possess, besides substitution numbers, definite 
addition numbers, as will be <,uithered from the following table, to 
which have been added the iodine absorption numbers found by the 
Wijs modification of the Huhl method. 

Unfortunately, on using the solution substitution numbers 

cannot be ascertained, as the action of acetic acid on potassium iodate 
is very different from that of mineral acids ; hence widely varying 
results arc obtained according as tlie concentration and the time during 
which the acetic acid is allowed to act on the iodate vary. 


Bromine and Iodine Absorptions of Common Bosins (Lewkowifsch) 



Bromine Values. 

Time 

durine 

wliich 

Bromine 

was 

allowed 
to act. 

Iodine Value. (Wijs’ Solution.) 

Ilusin. 

Total 

Absorp- 

tion. 

Addition. 

Substitu- 

tion. 

Aft<T 2 
hours. 

Alter 10 
hours. 

• 

After 18 
houns. 

After 24 
hours. 

“W.G.” 

210- 7 

211- 6 

202- 5 

203- 5 

41-14 

49-68 

59-92 

88-42 

84-78 

80-96 

71-29 

67-51 

A hour 

1 hour 

219-0 

214-2 

216-0 

237-7 

“N.” 

146-9 

145-7 

148-1 

145-2 

87-6 

108-06 

92-84 

107-7 

29-65 

18-82 

27-63 

18-76 

h hour 

1 hour 

M 

165-3 



172-2 

“W.” 

201 -8 
201*6 
197-2 
191-8 

114-0 

104-96 

78-24 

85-14 

43-9 

48-42 

69-48 

63-33 

i hour 

1 lionr 

169-9 



196-8 
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The hi"h neutralisation values of rosins prove conclusively that 
colophony is not, as Maly maintained,^ an anhydride (viz. abiotic 
anhydride), but consists chiefly of free acids and small quantities of 
anhydrides. 

The same conclusion has been arrived at by Perrerioud.^ According 
to him colophony does not contain abietic anhydride. In the case of 
American colophony (from trunks of Finns slrobus and Finns jyicea, 
and from the root of Finns sylreslris) the crystals are said to be ahielic 
acid, whereas in “ galipot ” and in rosin from the trunk of Finns 
aylnestris they arc stated to consist of the isomeric piniarlc acid. To 
both acids the same forTuida is ascribed ; pimaric acid is 

most likely C4oH5,j04, as follows from the analysis of its crystalline 
ammonium salt. Both abietic and pimaric. acids are optically active, 
and rotate the plane of polarised light to the Icft.^ The specific rotatory 
powers of abietic and pimaric acids are stated by Ferrenoud to be 48” 
and 56” respectively ; Kohler^ recently found for pimaric acid the com- 
position and [aJ-;«== -280-5 ’. 

The syhic acid of some authors is in Lichernianti s o])inion ^ identical 
with abieiic acid. His researches, continued by llalkrj^ led to the 
result that pimaric acid is optically inactive. Vesterherg,^ again, 
expressed (in 1885) tlje opinion that three distinct acids are coexistent 
in ‘‘ galipot.” 

Mach,'^ rejecting the formuhn given above for abietic, sylvic, and 
pimaric acids, stated that these acids are identical, and j)roposed for 
abietic acid (the name which he retained) the formula ^19^28^2- 
formula was derived from numerous ultimate analyses and determina- 
tions of the molecular weight of specimens of the acid prepared by 
different methods from various s])ecimens of colophony. According to 
Fahrioii,^ however, uMach's abietic acid is identical with sylvic acid 
O20H30O2. The formula €201130^-^2 confirmed by Levy,'^ who showed 
that Eastcrfield and Baglcnfs,^^ as also Tschirch and Sluder's ailvocacy 
of Mach's formula is not supported by conclusive evidence based on 
analysis. The acid O20H30O2 melted after repeated rccrystallisation 
from methylalcohol, at 182” C. {Levy). The formula C20H3QO2 has 
b(H‘.n further confirmed by Vesterberg,^- Korilschoner,^^ and for Itevo- 
pimaric acid and sapinic acid (in Ficea excelsa) by Kidder}^ 

^ Join'll, f. prakl. Chci§. 96, J If*. Earlier iiivestiga1,ioii.s are lirielly sunjinarised by 
G. H. Fraiikfbrtor in Joitr/i. Amer. CVinn. >Sbr., 1909, 561, 

tVum. Zdl., 188.5, 1.590, 

With regard to lievo-piniaric and sapinic acid (in tlie rosin from Piem e.vrelsa, Lk.) 
cp. S. Leskievvicz, Journ. f. prakt. Chan., 1910 (81), 403 ; J. Kbhier, Chtvi. ZentmWL, 
1911 (2), 1598 ; Journ. f. prakt. Chem., 1912 (85), 523. 

Berichtc, 17, 1885. ® Ibid., 18, 2167. 

« Ibid. 18, 3334. ’’ .fottrn. Soc. Chan. Ind., 1893, 1044. 

^ Zeiin.f. amj. Chan., 1901, 1197 ; 1902, 8,3. Cp, also Henry, Journ. Chan. Soc., 
1801, 1144 ; Eaiirioii, Zvit.'i. f. avg. Chem., 1904, 239, 1907, 356 ; and Klason and 
Kohler, Journ. f. prakt. Chan., 1906 (73), 337. 

” Zeits, f. ang. Chem., 1905, 1740; Ikrichte, 1906, 3043 ; 3658. 

Journ. Chem. tSoc., 1904 (85), 1238. 

(J}i. Tschirch and Stnder, Arch. d. Pharm. 241, 495 ; dnd. 245, 380. Cp. also 
SchkatelolT, Monit. Scimi., 1908, 217 ; JoUrn. Chan. Soc., 1908, Abstr. i. p. 816. 

Herichte, 1907, 120. ** Zeits. f. ang. Chan., 1907, 641. 

Journ. f prakt. Chan., 1912 (85), 560. 
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Fr^nhforter ^ states that he obtained from the rosin of the Norway 
pine, Finns resinosa, an acid having the formula CggHggOg — “ resinic 
acid ” — melting at 97.-98'^ C., and “ abietic ” acid to which he still 
ascribes the composition given by Mach, viz. CigHggOg, although he 
states distinctly that the analyses also agree with the formula ^20^30^2' 

Abietic {sylvic) acid, C2QH3QO2, is obtained in a pure state in the 
form of crystals by digesting 1 part of coarsely powdered colophony 
with 2 parts of 70 per cent alcohol at a temperature of 50°-60° C. The 
crystalline powder which separates is purified by recrystallisation from 
3 parts of boiling 70 per cent alcohol. Levy (see above) prefers to 
recrystallise from methylalcohol.^ Another method is to pass hydro- 
chloric acid gas through an alcoholic solution of colophony, when 
abietic acid separates {Fluckiger^). According to Mach, abietic acid 
occurs in colophony in varying amounts ; some specimens contain 90 
per cent of the crude acid ; from others no acid could be isolated. On 
treating an alcoholic solution of colophony with water, a precipitate of 
impure abietic acid is obtained, which remains suspended in the liquid, 
forming an emulsion with it. On adding a dilute mineral acid and 
warming subsequently, rosin separates in the form of globules on the 
side of the containing vessel, so that the clear liquid can be poured off. 
The rosin thus obtained is at first very viscid, but regains its former 
consistence after repeated boiling with water, or by heating to incipient 
fusion. In its pure state abietic acid crystallises in laminm or small 
crystals melting at 182° C. {Levy). The crystals are soluble in alcohol, 
ether, benzene, and glacial acetic acid. Abietic acid is not converted 
into an anhydride on heating. 

Abietic acid contains one carboxyl group and two pairs of doubly- 
linked carbon atoms. This is expressed by the constitutional formula 
proposed by Fahrion : * — 

CH., COOH 


c c 

/ \ / \ 

HC CH-CH CH 

I I I I 

H.C CH CH CH., 

\ / \ / ■• 

CH CH 

I I 

C3H, C3H, 

Vesterberg records 77 as the iodine value of abietic acid. Theory 
requires for two pairs of doubly-linked carbon atoms 168-2. It has 
been shown above that rosin does not absorb the full amount of iodine, 

1 J(nirn. Amer. Cfiem. Soc., 1909, 561. 

Cp. also German i>atent 221,889 (P. Levy). 

^ Journ. f. prakt. Chem. 101, 235 ; Jahresb, d. Chem., 1867, 727. 

* Chem. Revise 1911 239. 
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and it would therefore seem desirable to repeat the absorption teat 
with bromine. Colophony, especially if exposed in the form of a fine 
powder, takes up oxygen from the air. According to Fahrion,^ peroxides 
are formed which are said to be very unstable. 

In agreement with Fahrion's formula is Levi/s ^ observation that on 
oxidation of abietic acid with permanganate in alkaline solution four 
hydroxyl groups are added, leading to an acid of the formula C 2 oH 340 g 
{FalmorCs tetrahydroxy-sylvic acid^). This acid melts at 240°-245° C., 
is soluble in ether and acetone, less readily soluble in glacial acetic acid 
and absolute alcohol, sparingly soluble in benzene and cthylacotate, 
insoluble in petroleum ether. It crystallises from acetone and dilute 
alcohol in transparent, well-formed crystals melting with evolution of 
water at 246°-247° C. The yield of the acid is very small.^ 

On warming colophony with dilute caustic alkalis, it is readily 
dissolved with formation of salts — rosinates or pinates — which resemble 
in many respects the alkali soaps made from oils and fats. Hence the 
alkali salts are termed “ rosin soaps.” Thus the solutions of the alkali 
salts are hydrolysed by water (as can be shown experimentally with the 
aid of phenolplithalein ; see p. 135) and lather on being agitated. The 
“ rosin soaps ” are also thrown up (“ salted out ”) from their aqueous 
solutions, by addition of concentrated alkali or of common salt. How- 
ever, the separation does not take place so readily and so completely 
as in the case of soaps made from fatty acids. Dilute mineral acids 
liberate the rosin acids from their soaps. 

The sodium salt of rosin dissolves readily in alcohol, as also in 
ether containing alcohol ; in pure ether, however, it is but sparingly 
soluble. According to Barfoed, 20 c.c. of ether dissolve within twenty- 
four hours 0-0239 grm., and 19 c.c. after eight days dissolve 0-011 grm. 
of sodium rosinate. 

The solutions of the rosinates of the alkali metals yield insoluble 
precipitates with solutions of the salts of the alkaline earths and heavy 
metals. On the solubility of some of these salts in alcohol and ether, 
methods for separating the rosin acids from the fatty acids have been 
based. The zinc,® copper, silver, and manganese rosinates are soluble 
in ether ; calcium rosinate is insoluble in this menstruum. Further 
data on the metallic salts will be found in Vol. III. Chap. XV. 

In the quantitative analysis of a rosin soap the acid is separated 
as free rosin acid (“ abietic acid ”) ; it is therefore necessary in accurate 
analysis (as will be shown in Vol. III. under “ Analysis of Soaps”), 
for the proper calculation of the composition of soap, to convert the 
weight of the rosin acids found into the weight of the original colophony. 
From the table p. 618 it will be seen that rosin can be determined by 
titration with standard alkali solutions. This is best done in alcoholic 
solution. From the formula CgoHggOg it follows that 302 parts of 

^ Zeits, f. ang. C/^e7/^., 1907, 356 ; cp. also Chem. Revue, 1911, 239. 

“ Berichte, 1909, 4305. 

^ Cp. German patent 166,563. 

* Cp. also H. Eudemaun, Amer. Chetn. Journ., 1905 (33), 523, 
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abietic acid combine with 56-1 parts of potassium hydrate to form a 
rosinate neutral to phenolphthalein. Its neutralisation value is there- 
fore 185-7. Since colophony contains anhydrides and also unsaponi- 
fiable substances besides free acid, the mean combining weight of rosin 
acids deviates from 302. From a large number of expeiiments made 
with commercial rosins the rule has been derived that the mean com- 
bining weight may be taken, for practical purposes, as 316. 

Since rosin does not consist of pure abietic acid, but contains, besides 
otlier not yet identified bodies, from 10 to 20 per cent of substances 
behaving like anhydrides, the weight of “ rosin ” separated by de- 
composing its sodium salt with mineral acids is slightly higher than 
that of the original rosin converted into sodium soap, A measure 
of the difference may be d(‘ rived from experiments by Snicthani and 
Dodd, who saponified rosin with an excess of aqueous caustic soda, de- 
composed the resulting soap with a slight excess of dilute sulphuric 
acid, and separated the insoluble rosin acids by means of ether. ^ In 
the following table 1 collate the neutralisation and saponification 
numbers of the original rosins with the numbers found for the recovered 
acids after the rosins had passed through the saponification ])rocess : — 



Original Rosin. 



RfiCOVortMl Rosin .aflcr 
Saponilicalioii. 

Kind of Rosin. 

Nenlralis- 

Saponifi- 


Xentralis- 

Saponili- 



fttion 

Valuo. 

cfltioTI 

Valun. 

ence. 

atioii 

Valno. 

cation 

Value. 

(‘lice. 

Aruericuii “ N.” . 

1.57-3 

174-3 

17-0 

159-1 

16.5 -.5 

6-4 

„ “W.O.” . 

160-1 

177-3 

17-2 

161-0 

169-5 

8-5 

„ ‘MV.W.” . 

1.54-5 

174-3 

19-8 

159-1 

167 -.5 

8-4 

,, ** Wite . 

160-8 

177-6 

16-8 

163-9 1 

176-4 

12-5 

,, “Nemo" . 

1620 

176-4 

14-4 

163-9 1 

175-3 

11-4 


2. Detection and Determination of Rosin in Neutral Fats 
and In Waxes 

The older analytical methods based on the ready solubility of rosiji 
in alcohol do not lead to satisfactory results. Th^ most reliable method 
for the detection of rosin, which the author recommends as thoroughly 
trustworthy, is the Liebenmnn-Storch reaction described above (see 
p. 610). In case the colouration is indistinct, owing to the dark colour 
of the sample, it is advisable to saponify it with alcoholic potash, liberate 
the fatty acids together with the rosin acids by acidulating, and ex- 
amine the mixed fatty and rosin acids. 

To perform the test, the acids arc dissolved in acetic anhydride at a 
gentle heat, and the solution is cooled. Sulphuric acid of 1-53 specific 
gravity ^ is then carefully allowed to flow into the solution, when the 

^ Cp. also Ucnriqiios, Cheyn. Revue, 1899, 110. 

2 Siilpliinic acid of 1'53 sp. gr. contains 62'53 per cent of ; it is prepared by 

mixing 34 '7 c.c. of cone, sulphuric acid v/ith 35'7 c.c. of water. 
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presence of the minutest quantity of rosin acid will be indicated by the 
appearance ot a reddish-violet colouration ; if the solution be too warm, 
this colour will disappear almost immediately, changing into a brownish- 
yellow. In any case, the colour disappears quickly. Fatty acids do 
not give the violet colour ; but it should be remembered that cholesterol, 
which might be present amongst the mixed acids, exhibits a similar 
reaction with acetic anhydride and sulphuric acid. In that event the 
cholesterol must be removed by shaking out the soap solution with 
ether previous to the liberation of the mixed fatty and rosin acids. This 
reaction may be also used for the detection of rosin in beeswax. It 
should, liowever, be noted that rosin acids which have been treated 
with strong hydrochloric acid (as in the Twitchell method, see below) 
no longer give a distinct reaction in the Liehermaun-Storch test.^ 

In mixtures of neutral oils with rosin {e.g. linseed oil and rosin), 
the author determines the rosin approximately by titrating an accur- 
ately weighed quantity of the sample, dissolved in ether-alcohol, with 
standard alkali, using phenolphthalein as an indicator. The combining 
weight adopted for rosin is 346 ; the amount of free fatty acids of the 
oil is neglected, its value being, as a rule, very small as compared with 
the acid value due to the presence of rosin. Experiments carried out 
on mixtures of linseed (and cotton seed) oil with rosin gave very satis- 
factory results. 

If greater accuracy be desired, the rosin acids must be separated off 
together with the mixed fatty acids, and examined as described under 
the following head. 


3. Quantitative Determination of Rosin Acids in Admixture 
with Fatty Acids 

Lewkowitsch ^ has shown that the older methods proposed by 
Barfoed and by Gladding, and the modifications thereof, do not lead 
to reliable results. A description of these methods is therefore omitted 
here, and TwitcJielVs method only is described as it yields the best 
results. A combination of Gladd^'ng’s and Twitcliell's methods was 
proposed by Holde,^ but since the suggested corrections appear to me 
somewhat arbitrary, th's method also is omitted here.** 

TwitchelVs ** method is based on the property of the aliphatic acids 
to become converted into their ethylic ester when acted upon in alcoholic 
solution by hydrochloric acid gas, whereas rosin undergoes very little 
change under the same treatment (see p. 622). The analysis is carried 
out as follows — 

Two to three grins, of the mixed fatty and rosin acids are weighed 

^ M. J. Sans describes {Aw. Lhim. anal. appL, 1909 (14), 140) a sensitive colour 
reactioa for rosin obtained with methyl sulphate ; cp. also P. Foerster, ibid., 1909, 14. 

* .Tourn. Soc. Chem. Jnd., 1893, 603. 

8 Mitteil. a. d. Kdni^l. Techn. Versuchsanst, 1902, 41. 

^ For the description of the earlier quantitative methods, the reader is referred to the 
second edition of this work. 

® Journ. Soc. Ghem. Ind., 1891, 804. 
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off accurately in a flask, dissolved in ten times their volume of absolute 
alcohol (with weaker alcohol the conversion of fatty acids into esters 
is not complete), and a current of diy hydrochloric acid^ gas passed 
through the solution, the flask being cooled by immersion in cold 
water. The gas is rapidly absorbed at first, and after about forty-five 
minutes, when unabsorbcd gas escapes, the operation is finished. To 
ensure complete esterification the flask is allowed to stand for an hour. 
The ethylic esters and the rosin acids separate on tlie top as an oily 
layer. The contents of the flask are then diluted with five times their 
volume of water, and boiled until the aqueous solution has become 
clear. From this stage the analysis may be carried out either {a) 
volumetrically, or (b) gravimctrically. 

{a) The Volumetric Method . — The contents of the flask are trans- 
ferred to a separating funnel, and the fla.sk is rinsed out several times 
with ether. After vigorous shaking the acid layer is run off, and the 
remaining ethereal solution, containing the mixed ethylic esters and 
rosin acids, washed with water until the last trace of hydrochloric acid 
is removed. 50 c.c. of alcohol are then added, and the solution is 
titrated with standard caustic potash or soda, using phenolphthalein 
as an indicator. The rosin acids combine at once with the alkali, 
whereas the ethylic esters remain practically unchanged. The number 
of c.c. of normal alkali is multiplied by 0*346, and this gives tlie amount 
of rosin acids in tlie sample. 

(6) The Gravimetric Method . — The contents of the flaslv ai’c mixed 
with a little petroleum ether, boiling below 8(‘F C., and transferred 
to a separating funnel ; the flask is washed out with the same solvent. 
The petroleum ether layer should measure about 50 c.c. After shaking, 
the acid solution is run off, and the petroleum ether layer washed once 
with water, and then treated in the funnel with 45 c.c. of a one-fifth 
normal solution of KOII and 5 c.c. of alcohol. The petroleum ether 
solution of the ethylic esters will then be found to float on tlie top, the 
rosin acids having been extracted by the dilute alkaline solution with 
formation of rosin soap. The soap solution is run off, dc.composed with 
hydrochloric acid, and the separated ro.sin aiuds are collected as such, 
or preferably are dissolved in ether and isolated after evaporating the 
solvent. The residue, after drying and weighing, gives the amount of 
rosin acids in the sample. 

Of all the methods propo.sed hitherto for the estimation of rosin 
acids in mixtmes thereof with fatty acids, TwitcheWs process yields 
the best results. They must not, however, be considered as strictly 
accurate. Lewkowilsch ^ has shown, by an exhaustive examination of 
both the volumetric and gravimetric processes, that they only yield 
approximately correct results. 

Since the mean combining weights of different brands of com- 
mercial rosin vary within considerable limits (cp. p. 618), there adheres 

^ The proposal made by H. Wolfl' to substitute sulphuric acid for hydrochloric acid 
cannot be recommended, cp. Fahrion, Chem. Revue, 1911, 241. 

^ Journ. Soc. Chem. Ind., 1893, 604. 
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to the volumetric analysis an uncertainty from which the gravimetric 
analysis is free. Under the action of the hydrochloric acid rosin 
undergoes some destruction ^ with the formation of acids of lower 
molecular weight, since the volumetric method gave, as a rule, too high 
results. In the gravimetric process, again, some of these secondary 
products pass into the aqueous solution without being dissolved by the 
petroleum ether. By subsequent extraction with ether, part of the 
dissolved substances may be recovered, but even then the results of 
the gravimetric analysis were found too low. Of course, the un- 
saponifiable oils occurring in rosin (p. 617) remain in the petroleum 
ether solution and thus escape weighing. But even this does not 
wholly account for the considerable deficit. 

The subjoined tables, detailing analyses of mixtures of oleic acid 
and rosin acids of previously ascertained combining weight, confirm 
the author’s critical remarks : — 


Volumetric Analysis (LewJcowitsch) 


Oloic Arid. 



llosin. 

1/1 IvOII 

us-rd. 

Mixture cdii tains 
Uosin Acids. 
Combiiiiug AVeiglit 340. 

Calculated for the yield 
of lio.sin Acids only. 

Tlipory. 

Experiment. 

Theory. 

Experiment. 

(Jrrns. 

(i nns. 

c.c. 

Per cent. 

Per cent. 

Pt'r cent. 

Per cent. 


0-8027 

2-4 

2 1 -234 

24*90 

100*0 

100-60 

2';'5hSS 

0-8167 

2-56 

25*398 

27*35 

100*0 

105-50 

1 TtdSS 

l-.f).532 

4-41 

49*83 

48*40 

100*0 

95-60 

1-4006 

1 -5202 

4-19 

,52*047 

48*93 

100*0 

92-81 

0-8918 

2-5198 

6-68 

73*86 

66*397 

100*0 

89*47 

0-8296 

2-5298 

6-72 

75*305 

67*81 

100*0 

89*45 


^ The results given in the above table arc conlirined by experiments made later by 
JCvans and Black, as is shown by the following table : — 


Weight of Rosin. 

Rosin calculated 
from '1 itration. 

Loss, 

Grni.s, 

Grims. 

Per cent. 

2-(tor>.s 

2*0.34 

2*00 

‘2-47-J3 

2*45 

0*90 

2*03.3 


0*93 

2*(»3 


0*G9 

2*11.3 


1*14 


[Table 
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Gravimetric Analysis (LeivkowitscJi) 


No. 

Oleic 

Acid. 

Ho.sin. 

Found 

Uosin 

Acids. 

Mixture contaius Rosin 
Acids. 

Ciilcnliitod for yield of 
Ro.siii Acids. 

Thcoiy. 

Experiment. 

ITieory. 

Experiment. 


Grras. 

Grrn.s. 

Grins. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

1 

2‘4666 

0-8199 

0-7385 

21-947 

22-32 

100 

87-65 

2 

2-8058 

0-8577 

0-7736 

23-412 

• 20-98 

100 

87-80 

3 

1-6465 

1-5312 

1-3200 

48-234 

40-96 

100 

83-73 

4 

1-4090 

1-5092 

1-3128 

51-716 

44-35 

100 

84-65 

5 

0-8600 

2-52.52 

2-0930 

74-595 

60-58 

100 

80-66 

6 

0-8430 

2-5322 

2-1744 

75-023 

63-12 

100 

83-56 

7 


4-2524 

3-5631 



100 

83-44 

8 


4-6864 

3-8334 



100 

81-46 

9 


4-6700 

3-8979 



100 

83-12 


The following tables will furnish an indication as to liow far, in 
practical cases, the results obtained by either process approximate to 
the theoretical ones. 

The “ mixed fatty and rosin acids ” were obtained from soaps 
specially prepared on a large scale from carefully weighed quantities of 
fats and rosins. Average samples of the fats and rosins were examined 
separately for the yield of fatty acids from the former and for the 
combining weight of the latter, such determinations being indispensable 
for a correct calculation of the theoretical amount of rosin acids. 


Vohimetric Analysis {Lewkowitsch) 


Mixed Fatty 
and 

Rosin Acids. 


Rosin Acids. 

TLeory. 

f 

Experiment. 

No. 

Per cent. 

Per cent 

1 

9-79 

9-98, 9-34, 9-795, 9-91. 

23-97, 24-55, 22- 93, 23-28, 23-98, 
24-08. 

2 

19-69 

3 

21-45 

24 -96, 24-78, 23-63. 

4 

24-66 

24-89, 25-15, 25-06, 24-28. 

5 

30-31 

29-69, 30-12, 28-18, 29-78. 

6 

39-81 

40-24, 40-37, 41-44, 42-13, 41-8, 
40-37, 42-18, 40-66, 40-07, 40-05, 
43-69, 41 -12, 41 -81, 40-77, 44 82. 

7 

45-06 

45-76, 46-60, 49-61, 47-66, 46-46, 
47-84, 45-34, 44 24, 44-48, 44 '39. 
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Gravimetric Analysis (Lewkowitsch) 


Mixed Fatty 
’ ami 

Iloein Acida. 


Rosin Acids. 

Theory. 

Experiment. 

No. 

Per cent. 

Per cent. 

1 

979 

9-38, 9-97. 

2 

19-69 

20-46, 20-55, 19-96,M9-99, 19-44, 
19-33. 

3 

21-45 

19-25, 18-27, 19-37, 17-83,^19-54, 
18-61, 18-57, 19-16. 

4 

24-66 

20-97, 16-65, 21-76. 

6 

30-31 

25-76, 25-06, 23-66, 26-10. 

6 

39-81 

35-97, 38-86, 36-44, 36-14, 36-42, 
36-86, 32-61, 36-29. 

7 

45-05 

37-68, 37-23, 37-29, 36-97, 35-32, 
40-06, 86-8. 


By washing tlic petroleum ether solution with alkali a second time, 
and extracting the acid layer with common ether, the following results 
were obtained : — 





Rosin Acids. 



Mixed 
Fatty and 



Experiments. 


Acids. 

'fheory. 

Extracted 
by First 
Alkali Wash. 

Extracted 
by Second 
Alkali Wash. 

Extracted 
by Etber. 

Total. 

No. 

2 

19-69 

Per cent. 
19-46 

Per cent. 
0-115 

Per cent. 

1-045 

Per cent. 
20-62 

2 

19-69 

18-44 

0-074 

0-822 

19-34 

3 

21 -45 

19-14 

0-105 

0-3615 

19-607 

3 

21-45 

19-19 

0-061 

0-2839 

19-64 

4 

24-66 

21-72 

0-179 

1-203 

23-102 

4 

24-66 

22-29 

0-239 

1-01 

23-64 

5 

30-31 

25-76 

0-019 

2-41 

i 28-18 

6 

80-31 

26-93 

0-086 

0-72 

27-73 

6 

39-81 

34-96 

1-296 

1-667 

87-80 

6 

89-81 

84-696 

0-190 

. 

1-12 

36-91 


Should the rosin originally admixed with the fat contain notable 
amounts of (unsaponifiable) rosin oils, the latter are determined as 
described under 4. 

It should be pointed out that in the case of impure oxidised oils 
such as black grease, by the treatment with hydrochloric acid gas a 
notable amount of acids are obtained, which must not be taken to be 


^ Emulsion. 
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rosin acids without further investigation. A. A. Besson^ records 
the same observation for sulphur olive oil (cp. Vol. II. “ Olive Oil ”). 


4. Quantitative Determination of Rosin Acids in Admixture 
with Fats (or Fatty Acids) and Unsaponiflable Matter 

If a mixture of rosin acids, fat, and unsaponifiable matter be under 
examination, the sample is saponified by boiling with alcoholic potash, 
and the alcohol driven off by prolonged boiling after dilution with 
water. Disregarding any undissolved unsaponifiable matter, the 
aqueous solution of soap is transferred to a separating funnel and 
shaken out with petroleum ether ; thus the unsaponifiable matter is 
removed. Tlie soap solution yields, on treatment with a mineral acid, 
a mixture of fatty acids and rosin acids, which are then separated by 
TivitchelV s process. 

On applying TwilchelVs volumetric method, the separation of the 
unsaponifiable matter may be avoided by the following procedure : ^ — 
The mixture is saponified with alcoholic potash, and the rosin acids, 
fatty acids, and unsaponifiable matter isolated by acidulating. If a 
mixture of the acids and unsaponifiable matter be given at the outset, 
saponification is, of course, unnecessary. 

Two grams of the mixed acids and unsaponifiable matter are weighed 
off accurately, titrated with normal caustic soda or potash, and the 
number of c.c. necessary to establish neutrality to phenolphthalein is 
noted. Another 2 gnus, are treated with liydrochloric acid gas, as 
described above, and titrated with normal alkali. If a be the number 
of c.c. used in the first experiment, and b the number found in the 
second experiment, then we find, adopting 346 as the combining weight 
for rosin, and 275 for fatty acids (palmitic, stearic, oleic) : — 

1. Weight of rosin acids -6 x 0-346. 

2. Weight of fatty acids - (a - 6) x 0-275. 

3. Weight of unsaponifiable == 100 - [6 x 0-346 + (a - 6) x 0-275]. 

The accuracy of the result will, of course, greaily depend on the 
correctness of the assumed combining weights 346 and 275. 


5. Separation of Rosin Acids from Fatty Acids 

The separation of rosin acids from fatty acids is effected by passing 
the mixture of rosin and fatty acids through the esterification process 
described under TwilchelVs method. We then have a mixture of free 
acids and esters, and after titration, as e.g. in the volumetric process, 
there results a mixture of rosin soap and ethyl esters of the fatty acids. 
Now, if the alcohol is distilled off and the remaining mixture is treated 

1 (%cm. Zeit., 1912 , 814 ; 1913 , 453 . 

^ Journ. Soc. (Jhem. Ind.y 1891 , '^ 804 . 
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with water, the soap is dissolved, leaving the esters floating on the 
surface of the soap solution. The two layers are separated, and the 
soap solution, after washing with common ether ta remove the last 
traces of dissolved etliylic esters, yields the rosin acid on acidulating. 
The cthylic esters arc saponific^l by means of caustic alkali, and the 
fatty acids separated in the usual manner. Both the rosin acids and 
the fatty acids may then be examined separately. 



CHAPTER XI 

APPLICATION OF THE FOEEGOING METHODS TO THE* 
SYSTEMATIC EXAMINATION OF NATURAL OILS, FATS, 
AND WAXES 

An attempt is made in this chapter to describe in what manner the 
methods detailed in the fore<Toing chapters can be employed in the 
examination of a given sample, with a view to identifying it, or ascer- 
taining its nature. It may be stated at the outset that in the present 
state of our knowledge we are not yet in possession of a definite course 
of analysis, to be followed in all eircumstances, such as is the case in 
inorganic qualitative and quantitative analysis. Yet by adopting a 
systematic plan of examination, it is possible in the majority of cases 
to identify a given sample of a natural oil, fat, or wax, and to ascertain 
whether it is a pure or adulterated specimen. In the latter case the 
nature of the adulterant can generally be ascertained. 

It must be distinctly understood that the following notes refer to 
natural products only. With the introduction of “ hydrogenised ” 
(“ hardened ”) fats (see Vol. III. Chap. XV.) such distinguishing 
features as consistence, colour, odour, and taste, have lost much, if 
not the whole, of their former value. 

The consistence at the ordinary temperature helps to limit con- 
veniently the range of substances to which examination must extend. 

Colour also proves in many cases of some assistance, chiefly in the 
case of sohd fats (most oils in their refined state have a bright yeUow 
colour). Thus amongst the solid fats, laurel oil is recognised by its 
yellowish-green colour, crude palm oil by its refd colour (shading off 
from the brightest red of Lagos oil to a dirty dark red of Congo oil), 
and beeswax by its characteristic dirty yellow colour. 

The odour and also the taste of a sample will, as a rule, give some 
clue as to its nature. These “ organoleptic ” methods require, however, 
a good deal of practical experience, which is more frequently possessed 
by dealers in» oils than by analytical chemists. Still, it is easy to 
discriminate the marine animal oils from other oils by their characteristic 
smell. ^ Also rape oil, olive oil, lard oil, cotton seed oil, and linseed oil 
are readily recognised by their smell, especially when slightly warmed. 

^ Cp. Tsujimoto, “On the Cau.se of the Odours of Oils and Fats, eHjxicially of Marine 
Animal Oils,” Journ. (Jolley. Eng.., Tokyo, Imp. Univ., 1908, iv, (5), 181. 
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In some cases it is even possible to recognise adulterants, such as rosin 
or mineral oils. Greater practice is required for the recognition of 
certain oils or fats by taste ; linseed oil, maize oil, and cotton seed oil 
can be thus identified. Also lard and tallow can be readily recognised. 
Rancidity is readily ascertained by taste in the case of edible oils and 
fats. Taste is therefore of great importance in the examination of 
these products, as taste alone is the ultimate criterion in deciding 
whether a sample is rancid or not. A cultivated sense of taste is re- 
quired for giving an opinion as to the value of a particular brand of 
edible oil which is pure in the sense of being wholly free from adulter- 
ants. To take an example, taste alone can discriminate between the 
finest olive oils of the south of France, the somewhat “ harder ” oils 
of Tuscany, and the liarsh oils of south-eastern Italy. 

If a mixture of two oils or fats is under examination, the preliminary 
indications furnished by consistence, colour, etc., frequently lose their 
importance. Yet with the help of the methods described in the fore- 
going chapters, it is, as a rule, possible to ascertain the presence and to 
recognise the nature of both constituents of the mixture, at least 
qualitatively. Frequently it will even be feasible to determine quan- 
titatively the proportions in which the component parts liave been 
mixed. 

A more difficult problem is presented by a mixture of three or 
more oils, fats, or waxes. In cases of this kind commercial analysis 
may not always lead to a satisfactory result ; still it is possible in 
the majority of cases to identify at least one or two of the individual 
constituents in a mixture. 

Correct interpretation of indi<'.ations afforded by the tests applied, 
and strict logical reasoning, enable us in the majority of ca.ses to narrow 
down, by a process of elimination, the range of possible constituents 
of a mixture to such an extent that the practised analyst will but rarely 
be confronted with the impossibility of arriving at least at approximate 
accuracy. If in the course of a commercial analysis the limits of our 
present knowledge have been reached, the application of methods that 
have not yet been used for the case under consideration will suggest 
itself. This happens not infrequently in the examination of technical 
products derived by the processes described in Vol. III. Chapter XV., 
and will play a very important part in the analysis of “ hydrogenised ” 
oils and fats. In such cases the analysis will assume the nature of a 
scientific investigation. 

One of the most important problems required to be solved by 
commercial analysis is whether a sample is pure or sophisticated. 

Adulteration of saponifiable oils, fats, and waxes with unsaponifiable 
oils or solid hydrocarbons is easily detected. The object of sophistica- 
tion being, of course, to cheapen an article, only those oils, fats, or 
waxes are used as adulterants that are lower in price than tlie oil, fat, 
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or wax to be adulterated. Hence, tbe examination of a totally un- 
known mixture of oils, fats, or waxes will be greatly facibtated by 
learning its price, for thereby a number of more expensive substances 
is excluded from the scope of the analysis. In order to assist in fixing 
the attention on the substances lower in the scale of prices than the 
sample under examination, the following list, ranged in the order of 
the commercial values of oils, fats, and waxes, may be found useful. 
It should, however, be borne in mind that these prices are subject to 
wide fluctuations from year to year, causing e.(j. cotton seed oil, linseed 
oil, castor oil, and rape oil, to change places. Ohve oil and cotton seed 
oil stand very far apart in the following list, yet at the end of 1909 low- 
class edible olive oils came very near in price to edible cotton seed oil. 
As another example may be quoted that the market value of linseed 
oil in the spring of 1913 was about half of that ruling in 1910. 


Oils and Liquid Waxes 


Almond oil 

Castor oil 

Sperm oil 

Cotton seed oil 

Olive oil 

Soya bean oil 

Neat’s foot oil 

1 Maize (corn) oil 

Lard oil 

Linseed oil 

Cod liver oil 

AVliale oil 

Arctic sperm oil 

Japan fish oil, Menhaden 

Arachis oil 

oil 

Poppy seed oil ; 

Cod oil 

Sesame oil 

Mineral oil 

Seal oil 1 

Rosin oil 

Rape oil ! 

Tar oils 


Fats and Waxes 


Cacao butter 
Butter fat 
Wool wax 
Beeswax 
Carnaiiba wax 
Chinese wax 
Lard 


Cocoa nut f)il 
Palm nut oil 
Tallow , 

Palm oil 
(Paraffin wax) 

Bone fat ; other waste fats 
Wool grease 


The object of technical analysis is reached in the readiest possible 
manner by adopting a systematic plan, based broadly on the application 
of the general methods described in the preceding chapters. 

If a specific oil, fat, or wax be under examination, it is advisable 
to consult first the description of that oil, fat, or wax, and especially 
the tables containing the characteristic numbers, given in Vol. II. 
Chapter XIV. An endeavour will be made there to conclude the 
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description of most of the individual oils, fats, and waxes by pointing 
out those adulterants that fall within the range of practical considera- 
tion, and then indicating the methods of detecting them. In short, 
each individual product will be considered as an analytical problem. 
It must, of course, be borne in mind that commercial oils, fats, and 
waxes vary, in the case of vegetable products, with the soil, climate, and 
cliiefly the species of plant, and, in tlie case of animal products (some- 
times to a v(uy considerable extent) according to the race of the animal, 
the mode of feeding, etc. The following examples will illustrate this 
point : — Some years ago olive oils having a higher iodine value than 
85 or 87 would certainly have beiui considered as adulterated ; yet 
Californian, Dalmatian, and Tunisian olive oils of undoubted purity 
have been found to absorb more iodine. Therefore, olive oils can no 
longer be condemned on tho strength of a high iodine value alone. 
Extremely instructive in the same respect arc the commercial lards, 
especially those of American origin. Whereas some years ago a lard 
having the iodine value of 63-65 would have raised the presumption of 
adulteration, there are at jiresent (;oming into the market lards having 
iodine values which largely exceed these limits. Such lards must be 
allowed to pass mustiu’, since it has been recognised that the fattening 
of hogs (especially in the United States and Canada) with cotton cake 
and (or) corn (maize) produces “ soft lards.” 

Beeswaxes, the acid and saponification values of which deviated 
considerably from the numbers 20 and 95 respectively would have 
been judged, up to the last twenty years, as being undoubtedly adulter- 
ated ; yet considerable quantities of Indian and Chinese waxes are 
imported in which the proportion of free acid is considerably smaller, 
and consequently tho amount of saponifiable esters much larger than 
in those waxes which had been known up till now in European estab- 
lishments. 

If it be borne in mind that adulteration has almost become a fine 
art, and that it is being practised with the full armour of scientific 
knowledge by experts who are frequently some years ahead of the 
knowledge possessed by the analytical chemist, it will readily be under- 
stood that the analyst must seha-t special methods and tests and adapt 
them to each spech^ case. 

The plan followed in the description of general methods (Chaps. 
V.-X.) will furnish an outline, and approximately indicate the sequence 
of methods to be applied in the examination of a given sample. 


OILS AND FATS 

It is advisable, in the first instance, to derive the fullest information 
by testing the oils and fats themselves ; after that the examination of 
the fatty acids may be attacked. In the following fines some typical 
examples will be considered. 
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1. Determination of Neutral Fat and Free Fatty Acids in a given 
Sample — Acid Value and Saponification Value 

This is a frequently occurring problem, as in the valuation of a 
“ soap stock fatty acid,” or to ascertain how far saponification of a 
neutral fat has proceeded in the control of a technical saponification 
process in order. Let h, the saponification value of a sample of auto- 
claved tallow, be 203-0, and a its acid value 162-2. Then the difference 
^-a = 203-0- 162-2 = 40-8 corresponds to the neutral fat present in 
the sample. Since the saponification value of neutral tallow may be 
taken once for all as 195, we have the proportion : — 

195 ; 100 : : 40-8 : x ,- lienee ^ ^ ^^^=20-92. 

195 

The percentage of neutral fat in the sample is therefore 20-92, and 
the proportion of free fatty acids 100-20-92 = 79-08. 

Even if the saponification value of the original fat be unknown, 
there is no need for operating with weighed quantities. Take a con- 
veniently large — not weighed — sample and determine in one and the 
same sample the number of c.c. normal alkali required for the neutralisa- 
tion and saponification values respectively. Let a and h be the numbers 
found, then gives the proportion of free fatty acids. 

The free fatty acids may also be determined gravimetrically ; this 
becomes necessary in the case of a mixture of free fatty acids derived 
from one kind of fat, with a neutral fat of another kind. In that case 
several grms. of the sample are weighed off or measured in a flask, hot 
alcohol and phenolphthalein are added, and the free fatty acids neutral- 
ised carefully by running in standard alkali until the solution just 
acquires a permanent pink colour. The liquid is allowed to cool, 
diluted with an equal volume of water (taking care that the proportion 
of alcohol does not fall below 40 per cent), and shaken out in a separating 
funnel with ether or petroleum ether as described Chap. VI. p. 457, 
“ Unsaponifiable Matter.” The aqueous layer is drawn off, and the 
ether layer repeatedly washed with water. The ethereal solution 
yields, after evaporation of the solvent, the neutral fat. From the 
aqueous layer the free fatty acids are separated by means of mineral 
acid ; their weight may be determined as described Chap. VIII. p. 622. 
Their mean molecular weight may then be determined, as also the 
mean molecular weight of the fatty acids in the neutral fat, after 
saponifying the latter and isolating the liberated fatty acids. 

If the mean molecular weight of the free fatty acids be known 
from the outset, their quantity can be determined without weighing, 
by calculating the amount from the number of c.c. of normal potassium 
hydrate used in the neutralisation of the free fatty acids. 

The next important step in the examination of a given sample is 
to determine its Iodine value. In many cases the results will permit 
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to establish definitely the naturo of the natural oil or fat. Simultane- 
ously, the state of freshness or of rancidity may be ascc;rtained, provided, 
of course, no unsaponifiable matter be present. If this be suspected, 
the determination of the unsaponifiable matter may be combined with 
the determination of the saponification value, as shown above (Chap. 

The following example may illustrate the foregoing remarks. 


2. Edible Oil 

An edible oil yielded the following numbers on examination : — 

Acid value ..... 3-2 

Saponification value . . . 196- 1 

Iodine value . . . . 109-3 

Unsaponifiable .... 0-82 per cent. 

From these numbers the conclusion is derived that the sample is 
practically a completely saponifiable oil, which cannot belong to the 
rape oil group. Its iodine value points to cotton seed oil. Taking 
282 as the mean molecular weight, which diifers very slightly from 
the actual mean molecular weight of the fatty acids of cotton oil given 
in the table Chap. VIII. p. 514, it is calculated, with the aid of the 
conversion table Chap. VI. p. 440, that the sample contains 1*6 per 
cent of free fatty acids. 

A decided colouration in the Halphen test would confirm the con- 
clusion that the oil under consideration is cotton seed oil. 

If a mixture of two oils, the nature of which is known or can be 
readily identified, is under examination, it is possible to calculate 
approximately the proportion of both oils, provided the difference of 
their iodine values is sufficiently large. "J'he following example may 
illustrate this. 


3. Edible Oil 


An edible oil, sold as olive 
numbers : — 


oil, gave on examination the following 


Acid value . 
Saponification value 
Unsaponifiable matter 
Iodine value 


3-2 
196* 1 


0-82 per cent. 
93 


The iodine value being rather high for olive oil, the presumption 
of adulteration is raised immediately. The presence of oils of the 
rape oil group is excluded by the saponification value. The presence 
of almond oil is excluded by its price. Reference to the table of the 
iodine values p. 410 would suggest the presence of either cotton seed 
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oil or arachis oil. If the Halphen colour test (Vol. 11. Chap. XIV. 
“ Cotton Seed Oil ”) has revealed the presence of cotton seed oil, its 
proportion in the sample may be calculated witli the aid of the following 
two equations. Let x be the percentage of olive oil and y the percentage 
of cotton seed oil, then we have x + y=^I00. Taking the mean iodine 
values of olive oil and cotton seed oil as 85 and 109 respectively, we 
obtain the second equation 

100 ^ a:=6f)*fi por cent. 

If the Halphen test for cotton seed oil has been negative, the sample 
must be examined for the presence of arachidic acid. If siicli has been 
found, then the calculation therefrom to arachis oil will approxiiuately 
furnish the proportion of arachis oil. In this case the calculation of 
the constituent oils from the iodine values (by means of two e(]uations 
as shown above) would obviously lead to very uncertain results. 

For the examination of “ Hydrogen tsed Fats” (Hardened Fats) see 
Vol. III. Chap. XV. 

If a high saponification value of a sample has directed attention 
to the presence of soluble fatty acids, then the Reichert value, and, if 
need be, the determination of the insoluble acids in conjunction with 
the imsaponifiable matter, will be of material assistance. This may 
be illustrated by the calculation of the approximate compo.sition of a 
sample of butter fat (see 4). 


4. Butter Fat 


The following numbers were found in the examination of a butter 
’ fat : — 


Acid value ...... 

Reichcrt-Mcistii value .... 

Insoluble acids-)-uusaponiliable 

Iodine value ...... 

Mean molecular weight of the insoluble fatty acids 
Stearic acid in the insoluble fatty acids . *. 


0i5G 

2S-1 

87*5 per cent. 

32-6 

2U0 

0-49 per cent. 


From the low acid value the conclusion is drawn that mono- and 
di-glycerides are practically absent. 

From the mean molecitlar weight of the insoluble fatty acids, 260, 
the mean molecular weight of the corresponding glycerides is calculated 
as 3x260 + 38^ = 818. The percentage of glycerides of insoluble 
fatty acids is therefore 91-8 per cent, as calculated from the following 
proportion : — 

(3 X 260) .-818 : ; 87-6 ; x ; a:-. 91-8 per cent. 


J ChH.,=r38; [C8HB,(0H)3=C3Ha + 3H20]. 
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Tli&^ glycerides of insoluble fatty acids consist of laurin, myristin, 
palinitin., stearin, traces of arachin, and olein (linolin being assumed 
to be absent). 

The following calculation from the iodine value 32-6 leads to the 
yierceutage of olein = 37 -82: — 

86-2 : 100 : : 32-0 : a: ; x -37-82. 

The amouat of stearic acid in the insoluble fatty acids was found 
= 0-4:9 per cent, corresponding to 0-51 per cent of stearin [(3x284) : 
890 : : 0-49 ; .n‘].\ This corresponds to 0*46 per cent of stearin in the 
butter fat. Sin3e the glycerides of volatile fatty acids make up the 
difference, the composition of tlie butter fat under examination may 


be preliminarily taken to be as follows : — 


Stoariii ..... 

0-46 per cent 

Jjaarri, jnyrxstiii, palmitin, arachin . 

53-52 „ „ 

Olein 

37-82 „ „ 

Butyrin, caproin, etc, (by (lifforoncc) 

8-20 „ „ 


100-00.,, „ 


A further insight into the nature of the volatile acids may be gained 
from the amount of potassium hydrate reipiired to saturate the total 
volatile fatty acids obtained by the process described p. 529. The 
experiment gave 41-4 mgrms. j)otassium hydraf e (the value correspond- 
ing to the above-given Heichert-Meml value is 31-47) per grm. of butter 
fat. The volatile acids from 100 grms. of butter fat would therefore 
require 4-14 grms. KOII. The mean molecular weight of the volatile 
fatty acids could be calculated, if their absolute weight were known. 
This can be derived from the weight of their glycerides found above 
(by difference) as 8-20 per (^mt. Since 3x56-1 = 168-3 parts of 
potassium hydrate correspond to 92 parts of glycerol (in the absence 
of mono- and di-glyccrides), or to 38 parts of the 4-14 grms. 

KOH correspond to 


,38x4-14 f , t IT 

1(58-3 

The percentage of tlic volatile fatty acids in the sample is therefore 
8-20 - 0-93 = 7-27. Since 7-27 grms. of the mixed volatile acids required 
4-14 grms. of KOH, their mean molecular weight must be 


M : 56-1 :: 7-27: 4-14. M-98. 


From the numbers given in the following table it must be concluded 
that lauric and capric acids can only be present in very small quantities, 
whereas butyric and caproic acids preponderate : — 
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Acid. 

Formula. 

Molecular Weight. 
Theory. 

Butyric . 


88 

C.aproic . 

CnH,.202 

116 

Caprylic . 


144 

Capric 


172 

L.auric 

6'1bH240.2 

200 


Further information with rej^ard to the composition oji t]ie glycerides 
of volatile acids will be given under “ Butter Fat ” (Vol. 11. Chap. XIV.). 


If the IteicJiert-Meissl value of the butter fat were 24 or even 26, 
it woidd become necessary to examine the sample for the possible 
presence of cocoa nut oil or (and) palm kernel oil. This would involve 
the determination of the amount of alkali required for the neutralisation 
of the insoluble fatly acids (see p. 424), and in doubtful cases the applica- 
tion of the Phyfosteryl acetate test (see Chap. IX. p. 588 and p. 642). 


In more complicated cases, such as are presented by a mixture of 
three oils or fats (cp. “ Margarine ” Vol. III. Chap. XV.), the examina- 
tion of the insoluble fatty acids becomes imperative. The first informa- 
tion will be gained by the determination of their melting and solidifying 
points and of their mean molecular weight. Next their iodine value 
will be determined. I have endeavoured in Chapter VIII. to indicate 
a systematic course of examining the mixed fatty acids, and the reader 
may therefore be referred to p. 498. It is only necessary to supplement 
the directions given there by some additional explanations. 

In the first instance, recourse will be had to the separation of the 
solid from the liquid fatty acids. The amount of unsatm’ated fatty 
acids contained in the former will be determined next by the iodine 
value. In most cases it will be accurr ;e enough to calculate fi’om the 
iodine value to oleic acid, and correct the mean molecular weight of 
the saturated fatty acids accordingly. 

If stearic acid be present, it should be determined in a dii-ect manner 
(if possible). If a mixture of two acids of known composition be under 
examination, their respective proportions may be derived a'p^troxi- 
imtely by calculation from the mean molecular weight of the mixed 
acids, provided this number has been determined with great accuracy. 

The mean molecular weight of the mixed fatty acids, M, should 
be determined with not less than 5 grms. of substance. Letting x and 
y be the percentages, and and Mg the respective molecular weights 
of the fatty acids, then x and y can be calculated from the following 
equations : — 

a;-|-y=:100, 


MiZ 

100 


^100 


=M. 




XI EXAMPLES— INSOLUBLE FATTY ACIDS 641 

For practical purposes, e.g. in works where mixtures of known 
fatty acids are examined frequently, it is advisable to construct a 
table such as the following, which has been calculated by Mangold 
for stearic and palmitic acids : — 


Neutralisation Values of Mixed Stearic and Palmitic Acids 


Neutralisation Value, 
of KOII per 1 

Mean Molecular 
Weight. 

100 parts of the 

Stearic Acid. 

mixture contain 

Palmitic Acid. 

197-6 

284 

100 


198-5 

282-6 

95 

5 

199-5 

281 -2 

90 

10 

200-6 

279-8 

85 

15 

201-5 

278-4 

80 

20 

202-5 

277-0 

75 

25 

203-5 

275-6 

70 

30 

204-6 

274-2 

65 

35 

205 ‘6 

272-8 

60 

40 

206-7 

271-4 

.55 

45 

207-77 

270-0 

50 

50 

208 -86 

268-6 

45 

55 

209-95 

267 *2 

40 

60 

211-06 

265-8 

35 

65 

212-18 

264-4 

30 

70 

213-;]0 

263-0 

25 

75 

214-45 

261-6 

20 

80 

21 5 CO 

260-2 

15 

85 

216-77 

258-8 

10 

90 

217-96 

257-4 

6 

95 

219-13 

256-0 

— 

100 


If more than two fatty acids are present, the method yields un- 
reliable results. 

The examination of the liquid fatty acids is a more complicated 
problem. In the present state of our knowledge the examination 
will, in the first instance, be confined to the qualitative detection of 
oleic, linolic, linolenic, and clupanodonic acids. The last-named acid 
occurs in marine animal oils. If oleic, linolic, and linolenic acids have 
been detected qualitatively in a drying oil, it is possible to calculate 
ap'proximatehi their proportions from the mean molecular weight of 
the liquid fatty acids and their iodine value, both numbers being found 
by direct determinations. Let M be the molecular weight of the mixed 
liquid fatty acids, M' the molecular weight of oleic acid (282), M" the 
molecular weight of linolic acid (280), and M'" the molecular weight of 
linolenic acid (278). Further, let 1 be the iodine value of the mixed 
liquid fatty acids, P the iodine value of oleic acid (90-07), 1" the iodine 
value of linolic acid (181-42), and the iodine value of linolenic acid 
(274-1). Then the percentages a;, y, and z of the three acids may be 
calculated from the following three equations : — 

VOL. I 2 T 
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a:+y+2=-ioo, 

/'a;-|-/"y+/'"z=100 7, 

M'a:+M"t/+M'^'z =100 M. 

It must, however, be distinctly understood that these calculations 
should only be looked upon as furnishing rough approximations, and 
they should only be employed if no other method is available. At best 
they should only be used to confirm results obtained by quantitative 
methods, such as the proportion of bromine in the brominated acids 
(sec Chap. VIII., where a systematic course of examining the mixed 
liquid acids is outlined). 

For the examination of the unsaponifiable matter it is necessary 
to isolate a quantity sufficient to perform the tests described in Chapter 
IX. One of the most important operations under this head is the 
phytosteryl acetate test 


6. Detection of Vegetable Oils and Fats in Oils and Fats of 
Animal Origin — Phytosteryl Acetate Test 

This test becomes of importance in the examination of lard for 
vegetable oils and fats, especially when a high iodine value of the 
sample raises the presumption of adulteration with cotton seed oil, 
and when this presumption has been corroborated by a positive Hal 2 )hcn 
test. The phytosteryl acetate test is further of great importance in tlie 
examination of a butter fat in which a small amount of cocoa nut oil 
or palm kernel oil is suspected. 

These two cases will be dealt with exhaustively in Vol. II. Chap. 
XIV. under the headings “ Lard and “ Butter Fat ” respectively. 

It may be pointed out that the phytosteryl acetate test does not 
lose its value in the case of “ Hydrogenlsed Fats ” (“ Hardened Fats ”). 


6. Detection of Animal Oils and Fats in Oils and Fats of 
Vegetable Origin ^ 

This problem, the converse of the precediiig one, resolves itself 
practically into a separation of cholesterol from (phytosterol) sitosterol. 
If only small quantities of animal oils or fats have been admixed with 
a vegetable oil or fat, the problem is a very difficult one. The author 
has employed the following method with satisfactory results : — The 
isolated alcohols are converted into their acetates and treated as is done 
in the phytosteryl acetate test. The acetates contained in the mother 
liquors from the first and (or) second and third crops of crystals being 
richer in cholesterol than the original mixture of alcohols, the mother 
liquors are collected, evaporated down to dryness, and the dry acetates 
are again passed through the phytosteryl acetate test. The melting 

’ E:(j. lard oil in olive oil (cp. Journ Soc, Ctum, Irul,, 1903, 1163). 
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point of the first crop of crystals now obtained will indicate presence 
or absence of cholesterol. If need be, the process must be tepeated 
once more. The author thus obtained sufficiently accurate results in 
the case of, to him, unknown mixtures of animal and vegetable fats. 

For the separation of cholesterol from phytosterol by means of their 
bromides, tlic separation of phytosterol from stigmasterol, and the 
separation of coprosterol from both cholesterol and phytosterol, and the 
indication furnished by the “ Heat of Bromination Test ” see Chap. 
IX. p. 596. 


WAXES 

In the examination of Waxes and the products derived therefrom, 
tiio investigation of the iinsaponifiable matter acquires great importance. 
The metliods a[)plical)le in this case have been detailed at length in 
Cliap. IX. p. 600. They may be further illustrated by the following 
examples : — 


1 . “ Recovered Grease *’ ^ 

{Crude Wool Fat) 

In a “recovered grease” (cp. Vol. III. Chap. XVI.) the following 
constituents are determined : — 

{a) Free fatty acids. 

{h) Neutral saponifiable matter. 

(c) Unsaponifiable matter. 

(a) Free Fatty Acids 

The amount of alkali required to saturate the free fatty acids in 
I grm. of the “recovered grease” was 0-71 c.c. normal KOII (acid 
value = 39-8). A largo weighed quantity of “recovered grease” was 
then almost completely neutralised with the greater part of the alkali 
required (as calculated from the acid value) and then carefully titrated 
with half-normal alkali, until the solution became pink to phenolph- 
thalein. A large proportion of neutral saponifiable matter and un- 
saponifiablo matter rose to the top as an oily layer, and was separated 
frojn the soap solution, after Iiaving been dissolved in ether. The 
remainder of the neutral saponifiable matter and unsaponifiable matter 
was removed from the soap solution by shaking out with ether. The 
ethereal solutions were united, freed from adhering soap by washing 
with water, and the solvent was then distilled off. Thus the neutral 
saponifiable matter {b) and the unsaponifiable matter (c) were obtained 
together. 

Between the aqueous and the ethereal layers there appeared a 
' Ijewkowitsch, Joimi. Soc. Chem. hid., 1892, 134 ; cp. also ihui., 1896, 14. 
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flocculent stratum, which was found to consist of a sparingly soluble 
soap. This was isolated by filtering off from the soap solution. The 
fatty acids of both the easily soluble soap and the sparingly soluble 
soap were separated in the usual manner by decomposing with a 
mineral acid. Thus the free fatty acids of the “ recovered grease ” 
were obtained in two fractions, viz. (1) acids forming soluble soaps; 
(2) acids forming insoluble soaps. 

Both groups of acids were found to contain inner anhydrides or 
lactones, a definite increase of weight on boiling with acetic anhydride 
(cp. p. 451) having been ascertained; therefore, in order to determine 
the mean molecular weight, the acids had to be boiled with alcoholic 
potash. The molecular weights found were respectively 326 and 520. 
The proportion of the acids (1) to the acids (2) having been found to 
be 9 : 1, the mean molecular weight of the total free fatty acids may be 
taken as — 

9x320+520 

10 

On distilling 5 grins, of the “ recovered grease ” as in Reichert's 
process, it was found that 1 grm. required 0-124 c.c. of normal potash 
for the neutralisation of the volatile fatty acids. Assuming as tlieir 
mean molecular weight 102 (CgHj^Og), the “ recovered grease ” contains 
10-2 X 0-124 = 1-26 per cent oifree volatile acids. 

The insoluble free fatty acids in 1 grm. were saturated by 0-71 - 
0-121 c.c. =0-586 c.c. of normal pota.sh. Their mean molecular weight 
being 345, we find 34-5 x 0-586 = 20-22 per cent of insoluhk free fatty 
acids. 

(b) and (c) Neutral Saponifiable Matter and Unsajwnifiablc Matter 

A somewhat large quantity of the substance (6) and (c), prepared 
as described already, was saponified, and the soap solution tested for 
glycerol. The negative result proved absence of glycerides. The neutral 
saponifiable matter must, therefore, be considered a wax. 

The ether residue obtained by extracting the saponified mass with 
ether, and evaporating off the latter, was completely dissolved by 
acetic anhydride, no oily layer separating on cooling (p. 602). Theie- 
forc, hydrocarbons were absent, and the unsaponijiable mailer (c) could 
only consist of alcohols. 

The wax (6) was separated from the unsaponifiable matter (c) by 
judicious boiling out with alcohol,^ in which the wax is almost insoluble. 
The latter was thus obtained as a viscous, wax-like substance, melting 
to a thick liquid at about 40'^ C. 

On saponification with double normal alcoholic potash under 
pressure (p. 107), 1 grm. of the wax was found to require 1-825 c.c. 
of normal potash, or, in other words, its saponification value was 
102-4. 

The alcohols {unsaponifiable) were determined in the usual manner 

' Preferably acetic anhydride. 
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by extracting the saponified mass with ether ; the fatty acids were 
then estimated in the soap solution by the method described in Chap. 
VIII. p. 523. Thus the composition of the wax was found, in two 


analyses, as follows : — 



I. 

II. 


Per cent. 

Per -ceil 

Fatty acids 

56-3 

54-1 

Alcohols 

43-2 

44-0 


99-6 

98-1 


The sum of the constituents of the wax should have been higher 
than 100, several per cent of water being assimilated on saponification. 
The deficiency must be looked for in the percentage of the fatty acids, 
this having been found too low, owing to tlie property of these acids 
of easily losing water on drying, witli formation of inner anhydrides or 
lactones. When using alcoholic potash for the determination, the 
molecular weight of these fatty acids was found to be 327-5, from which 
the percentage composition of the wax may be calculated as follows : — 

I’ur CPiit, 

Fatty acids, ]• 825 X 32- 76— .... 69-77 

Alcohols (mean of values of analy.sos I. and 11.) . 43-00 

103-37 

The mean molecular weight of the alcohols calculated from the ecpiation 

43-0x327-6 

69-77 

was found to be 239. 

The fatty acids absorbed only 17 per cent of iodwe ; they consisted, 
therefore, for the most part of saturated acids. 

(c) Unsaponifiahle Matter 

The proportion of unsaponifiahle matter was found approximately 
by analysing the mixture of {h) and (c) in the same manner as {h) 
was examined, and by collating the numbers obtained, in the following 
manner : — 

1 grin, of the mixture of (?>) and (c) required 1-73 c.c. of normal 
KOH for saponification. Its percentage composition was found as 
follows : — 



1 . 

11 . 


Per cent. 

P(‘r cent. 

Fatty acids . . . . . 

50-7 

49-8 

Alcohols . . . . . 

47-5 

47-6 


98-2 

97-4 

From these numbers we calculate — 


Per cent. 

Fatty acids, 1-73x 32-75 


56-66 

Alcohols ..... 


47-65 



104-21 


The 50-66 parts of fatty acids require 41-34 parts of alcohols, of the 
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mean molecular weight 230, to form wax. Consequently there are 
present in the '‘‘recovered grease” 47-55 - 41-34 = 6-21 per cent of 
uncombined unsaponifiahle matter. 

The composition of the “ recovered grease ” is therefore — 

Per cent. 


Volatile fatty acids . . . . . l-2() 

Insoluble free fatty acids .... 20-22 

Unsaponifiablc matter (uiicombined alcohols) , 6-21 

Wax (wool wax), by difference . . . 72-31 


100-00 

To check the result, the sum of tlie uncombined alcohols and wax 
could have been determined direct. 


The number 72-31 for wax can be resolved, with the help of its 
above-given percentage composition (fatty acids, 59-77 per cent ; 
alcohols, 43-60 per cent), into two numbers ex]>ressing its component 
parts, viz. 72-31 x0-5977 = 41-81 per cent of fatty acids, and 72-31 x 
0-436 = 30-5 per cent of alcohols. The total unsaponifial)le matter 
obtainable from the “ recovered grease ” on complete saponification is, 
therefore, 305 + 6-21=36-71 per cent. Hence the analytical result 
may be expressed as follows : — 


Volatile fatty acid.s .... 
Insoluble free fatty acids 
Unsaponifiahle matter (uncombined alcohols) 
I Combined alcohols .... 

I Combined fatty acids .... 


Per ffiit. 

1-2G 

20-22 Total iiii.sai»(jnilU 
0-21 1 able iiiatU’i'. 

30 - 50 -^ 

41-81 


The percentage of tlie total unsaponifiahle matter— — can, of 
course, be verified by direct determination, which may be suitably 
combined with the determination of the saponification value. Direct 
experiment gave the number 36-47 (see below). 


A more rapid, and for technical purposes sufficiently accurate, 
method would be to determine the acid value, the saponification value, 
the j)roportion of fotul unsaponifiahle matter, the mean molecular tveiglil 
of the total insoluUe acids, ^ and, if required, the Reichert-Meissl value. 
By proceeding in this manner, the following numliers were obtained — 

1 grm, required for the neutralisation of the volatile r 

acids ....... 0-124 e.c. of normal KOH 

1 grm. required for the neutralisation of free insoluble 

acids ....... O-nSG c.c. ,, „ 

1 grm. required for tlu; neutralisation of total insoluble 

acids ....... 2-10 c.c. ,, ,, 

1 grm. required for the neutralisation of combined in- 
soluble acids (by difference) .... 1-48 c.c. „ ,, 

Mean molecular weight of the total insoluble acids . 332 ® 

Unsaponifiahle matter ..... 30-47 per cent. 


’ This must be determined with idcnholic potash (cp. above). 

^ ITiis number i.s .somewhat too high, owing to the dark colour of the alcoholic solu- 
tion of the fatty acids. 
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From these analytical data we find : — The percentage of the free 
insoluble acids is 0-586 x 33-2 = 19-45 ; the percentage of the combined 
fatty acids, as hydrated acids, 1-48x33-2 = 49-13 ; and the percentage 
of volatile acids, 0-124 x 10-2 = 1-26, as before. 

These numbers are collated in the following table : — 


Volatile fatty acids .... 

P(*r cent. 

1-26 

In.solublc free fatty acids 

in-45 

Combined fatty acids (as hydrated acids) 

. ■ 4913 

Total unsaponifiable matter 

30-47 


106-31 


Part of the surplus over 1(X) is due to a certain amount of water 
liaving been assimilated on saponification ; the remainder is due to 
an error in the number found for the molecular weight of the total 
insoluble fatty acids, owing to the difficulty of titrating accurately 
tlie dark alcoholic solutions. 

It would not have been permissible to determine the proportion 
of the total fatty acids by the method described p. 523, as the result 
would obviously be too low, owing to the formation of inner anhydrides. 


2. Wool Wax ^ (“ Lanolin ”) 

Wool wax was dehydi’ated by melting and allowing the water to 
subside. The anhydrous wax was then dissolved in absolute alcohol 
and saponified by means of metallic sodium in a flask attached to an 
inverted condenser. The alcohol was distilled off, and the mixture of 
soap and alcohols, whilst still warm, was poured into water, and shaken 
until the temperature had fallen so that common ether could be added 
with safety. After vigorous shaking, the mixture was allowed to 
stand for some days. It then separated into three layers, viz. : — 

(1) An ethereal layer on the top, consisting of the ethereal solution 
of the ahohols (unsaponifiable matter). 

(2) An aqueous layer on the bottom, being a solution of soap — 
easUy soluble soap. 

(3) An intermediate thick layer, representing a soap sparingly 
soluble in water — sparingly soluble soap. 

The ethereal layer was drawn off, washed well with water, which 
was later on added to (2) and (3), and the mixture of (2) and (3) ex- 
hausted with ether until no more unsaponifiable matter was extracted. 
Each portion was examined for soap. The first extractions yielded the 
unsaponifiable matter free from soap ; later, small quantities of 
soap, increasing in inverse proportion to the quantity of unsaponifiable 
matter, appeared in the extracts. These were treated separately with 
warm water until free from ash, before being united with the main 
portion. 

^ Lewkowitscli, Journ. Soc. Chem. hul., 1896, 14. 
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Thus tlie alcohols — unsaponijiahle ^natter — were obtained free from 
ash. 

1. Alcohols — Un saponifiable Matter. — The amount of unsaponifiable 
matter obtained was 51-84: per cent. It represented an unctuous 
substance of light yellow colour. The following characteristics were 
ascertained : — 

Melting point ...... 40°-48° C. 

Iodine value ...... 26-35 

Increase in weight on boiling with acetic anhydride 8-26 per cent 


Saponification value of the acetate . . . 153-23 

From the following table : — 

Increase on toiling with 
Acetic Auliydrule. 
Per cent. 

Cctylalcohol . . . . . 17-2 

Cerylalcohol . . . . . 10-() 

Cholesterol (or i.socholcsterol) . . . 10-9 


it will be gathered that cetylalcohol must be almost absent. Further, 
it may be concluded from the low iodine number that the proportion 
of the two cholesterols cannot be very large, as the iodine value of 
cholesterol is 67-7.^ 

On subjecting the wool- wax alcohols to treatment with soda-lime 
and maintaining the temperature at 250° C., about 80 per cent were 
recovered as unchanged alcohols ; 6 per cent of fatty acids, of the 
melting point 51°-53° C., could be isolated from the soap solution. 

2. Fatly Acids of the Easily Soluble Soap. — The separation of the 
easily soluble soap from the insoluble soap, (3), was effected by filtration. 

The soap solution was freed from dissolved ether by distillation, 
and the fatty acids were then isolated in the usual manner by boiling 
with acid. The amount obtained was 25-5 per cent. The colour of 
these acids was light reddish-brown. 

The following characteristics were determined : — 


Melting point 
Iodine value 
Neutralisation value 
Saponification value 


52-5‘^-56-5'’ C. 
9-95 
17.3-88 
189-67 


The definite difference between the saponification and neutralisation 
values, viz. 15-79, points to the presence of lactones (sec Chap. VIII. 
p. 517) ; it was then ascertained that above 120° C. the acids rapidly 
lose water, whereas the iodine value varies but little. 

In another preparation the ether was not removed by distillation 
but mineral acid was added to the cold solution and more ether added, 
so that the separated fatty matter was at once transferred to the 
ether, from which it could be recovered at a low temperature. The 
fatty matter thus obtained was vdiite and showed the following char- 
acteristics : — 


^ Joum. Soc. Chem. Ind., 1892, 143 ; cp. Chnp. IX. p. 604, 
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Iodine value • . . . • • • 

Neutralisation value . . . • • 168-92 

Saponification value . . . • • 192-82 

The difference between the saponification and neutralisation values 
is in this case larger than before, viz. 25*9, and it thus becomes evident 
that whereas the iodine value remains practically constant, the lactones 
are partially converted into fatty acids on heating the mixed acids with 
water, as was done in the previous case. 

The lactones were isolated by carefully neutralising the fatty 
matter with aqueous potash and exhausting the soap solution with 
petroleum ether. The fatty acids were liberated from the soap solution 
in the usual manner. Their neutralisation and saponification values 
were found to be 194 and 193 respectively. 

The examination of the lactones led to the following numbers ; 


Iodine value 2-4 

Acid value ..... 1-5 

Saponification value ..... 174-63 

The soap solution obtained from the lactones (anhydrides) by 
boiling with alcoholic potash was treated with a mineral acid to separate 
the fatty acid. The acid value of the substance was found to be 61-24, 
thus proving that lactones had been re-formed to a considerable extent. 

3. Fatty Acids of the Sparingly Soluble Soap . — The fatty acids were 
liberated by boiling the soap solution with mineral acid. They had 
the following characteristics : — 


(1) Iodine value 

(2) Neutralisation value 

(3) Saponification value 

(4) DilTerence (3)- (2) . 


6-95 

106-5 

128-2 

21-7 


In a second preparation the fatty acids were liberated in the cold 
in the same manner as described above. The isolated fatty matter 
was sparingly soluble in cold ether or petroleum ether, and large 
quantities of the solvent were required to effect complete solution. 
The fatty substance thus obtained was white ; its (quantity amounted 
to 26 per cent. It gave the following characteristics 


(1) Iodine value 

3-9 

(2) Acid valn^^ , . . • 

86-16 

(3) Saponification value 

135-86 

(4) Difference (3)- (2) . 

49-70 


This portion of the wool wax contains therefore a larger amount 
of lactones than that described under 2. 

The fatty substance was then separated, in the manner described 
above, into {a) fatty acids, and (6) lactones. 

The fatty acids (a) had the following characteristics 


Iodine value . • • • • • 85 

Neutralisation value ..... 131-38 

Saponification value ..... 141-8 

Melting point ...... 66®-66® C. 
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Hence lactones had again been formed on decomposing the soap. 

The lactones (h) had the following characteristics : — 

Iodine value . . . . . . 8-69 

Saponification value ..... 116-0 

On separating the fatty matter from the alcoholic soap solution 
by acidulating with a mineral acid, lactones were re-formed to a varying 
e.xtent in different experiments ; but the re-formation of lactones in 
this portion of the wool wax took place to a very much smaller extent 
than was the case in the corresponding portion of the easily soluble 
soap. 


3. “ Distilled Grease ” ^ 

{Liquid Portion) 

The liquid portion of the distillate obtained on a large scale by 
subjecting “ recovered grease ” to distillation gave on examination the 
following results : — 

(а) 1 grm. required for the neutralisation of the free fatty 

acids. ...... 1-92 c.e. of normal KOll 

(б) 1 grm, required for the neutralisation of the total 

fatty acids on saponification . . . 210 c.e. „ „ 

(c) I grm. required therefore for the neutralisation of the 

combined fatty acids .... 0-18 c.e. ,, ,, 

{d) Mean molecular weight of the total fatty acids . .’lOO r) 

(e) Total unsaponifiable matter .... .‘18-8 per cent. 

From the numbers recorded under (c), (d), and (c) the following 
composition of the distilled grease may be derived ; — 

Per 

Fatty acids (as hydrated acids), 2-1 x 30 05 . . (53-1 

Total unsaponifiable matter .... 38-8 

101-9 

The low number obtained for the combined fatty acids shows tliat 
the greater portion of the wax had been decomposed during distilla- 
tion. f 

The free fatty acids were isolated as described p. G43, Their 
mean molecular weight was 286 ; they may, therefore, be considered 
as consisting of a mixture of oleic, stearic, and palmitic acids, with a 
small proportion of higher fatty acids. The proportion of free fatty 
acids in the “distilled grease” was, therefore, 1-92 x 28*6 = 54-91 per 
cent. 

The wax plus the unsaponifiable matter was isolated in the same 
manner as described p. 644. The separation of these two constituents 
was, however, impossible, as the unsaponifiable matter is also insoluble 

^ I^wkowitsch, Journ. Soc. Chem. 1/td., 1892, 141, 

^ Detentuned with alcoholic ])ota.sh. 



XI 


EXAMPLES — BEESWAX 


651 


m alcohol. The mixture of the two substances was therefore saponified, 
so as to isolate the fatty acids contained in the wax. These were 
titrated with alcoholic potash and found to have the molecular weight 
394. The proportion of combined fatty acids in the “ distilled grease ” 
was, therefore, (2-10 - 1-92) x 39-4 = 7-09 per cent. 

The alcohol combined with the latter acids was contained in the 
total unsaponifiable matter. Its presence was proved, on the one 
hand, by boiling an accurately weighed portion with acetic anhydride, 
and ascertaining that an increase in weight had taken place ; and, on 
the other hand, by isolating the alcohol from the total unsaponifiable 
matter by means of alcohol. 

Adopting the molecular weight of the alcohols that had been found 
p. 645 for the combined alcohols in the “ recovered grease,” we can 
calculat e the proportion of alcohols from the equation 

7-00 X 239 . 

^■" 394 ’ 

hence x = 4-3. 

The amount of undecotnposed wax in the “ distilled grease ” is, 
therefore, neglecting the small amount of water assimilated on saponi- 
fication, 7'09 + 4-3 = 11-39 per cent. 

The remainder of the unsaponifiable matter, 38-8 -4-3 ^34-5 per 
cent, consists of hydrocarbons formed in consequence of the free fatty 
acids and of the wax of the recovered grease ” having been decom- 
posed during distillation (cp. Vol. III. Chap. XVI.). 

The composition of the “ distilled grease ” is expressed by the 
following numbers : — 

I’er c<'nt. 

Free fatly acids .... 54-91 

Combined fatty acids . . . 7-09 1 Undet-omposod 

Combined alcohols .... 4-30 J 

Unsaponifiable matter (hydrocarbons) . 34-50 

100 80 

For the further examination of the hydrocarbons, cp. Vol. III. 
Chaj). XVI. ” Distilled Grease Oleine.” 


• 4. Beeswax 

The examination of beeswax may be carried out on the same lines 
as indicated under “ Recovered Grease.” Ether is, however, unsuitable 
as a solvent for tlie neutral portion of beeswax, and is best substituted 
by carbon tetrachloride. 

The proportion of easily soluble soap is very small in the case of pure 
beeswax. 

The detailed examination of beeswax, and especially of adulterated 
beeswax or beeswax mixtures, is best carried out by saponifying the 
sample, diluting the alcoholic solution witli one volume of water, and 
shaking out with ether, when three layers are obtained (cp. p. 644). 



652 SYSTEMATIC EXAMINATION OF OILS, FATS, AND WAXES chap, xi 

(a) An ethereal layer (on the top) containing the free alcohols of 
beeswax, the hydrocarbons present in beeswax (together 
with any added hydrocarbons), and the alcohols previously 
combined with fatty acids to form saponifiable esters. 

(5) An aqueous layer (at the bottom) containing the easily soluble 
soaps (soaps of palmitic acid, etc.). 

(c) An intermediate layer containing sparingly soluble soaps (of 
cerotic, melissic, etc., acids). — This layer must be exhaustively 
extracted with ether in order to remote completely the 
occluded unsaponifiablc matter. 

Each layer is then examined separately by the methods described in 
the foregoing pages. 

For an abbreviated method of examining beeswax, including the 
detection of other waxes and other adulterants, see Vol. II. Chap. XIV. 
“ Beeswax.” 


TECHNICAL PRODUCTS 

The examination of technical products is illustrated by numerous 
examples given in Vol. III. Chap. XV. and Chap. XVI. 

The investigation of a complicated technical problem is exemplified 
by the section “ Conversion of Oleic Acid into Candle Material,” Vol. III. 
Chap. XV. 



CHAPTER Xll 

EXAMINATION BY STRICTLY SCIENTIFIC METHODS 

If the ijiformation obtained by the metliods described in the foregoing 
cliapters is not deemed sufficient for elucidating the composition of a 
given product, recourse must be had to strictly scientific methods. 
As a rule, these do not fall within the province of the technical analysis 
of oils, fats, and waxes. 

Many of the analytical processes described in the foregoing chapters 
have passed through the stage of a strictly scientific research, before 
they were worked out so far that they can be regarded as expeditious 
technical methods. Since not infrequently it becomes necessary to 
undertake further research, I collate in this chapter a number of methods 
which at present may be termed strictly scientific. It appears also 
useful to record in this chapter some proposed methods which, so far, 
have not led to useful results, but are apt to offer hints and suggestions 
for further elaboration. 


A. Examination of Glycerides 

(a) Fractional Cryslallisalioti of Glycerides 

It has been pointed out already that the natural oils and fats are 
more or less complicated mixtures of several triglycerides ; recent 
researches have sdown (Chap. I.) that mixed triglycerides form the 
preponderant constituents of the natural oils and fats, and their occur- 
rence must be more seriously taken into account than has been done 
hitherto.^ The mixed glycerides described Chap. I. have been isolated 
by fractional crystallisation. Not until a well-crystallised substance 
has been obtained, will ultimate (elementary) analysis furnish any 
useful indications. This becomes apparent on glancing at the following 
table stating the percentages of carbon, hydrogen, and oxygen contained 
in palmitin, stearin, olein, linolin, ricinolein, in some mixed glycerides, 
and in a number of commercial oils and fats. 

1 Cp. Lewkowitsch, “Les Corps gras (Industrie et Analyse) Conference,” Bullet. Sotx, 
Chm. de France.. April 1909. 
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Simple Triglycerides. 

Formula. 

Carbon. 

Per cent. 

Hydrogen. 
Per cent. 

Oxygen. 
Per cent. 

Palmitin 

CsiDuyOg 

75-93 

12-16 

11-91 

Stearin . 

1 C57Hjj(|0,j 

76-8.5 

12-36 

10-79 

Olein 

! 

77-38 

11-76 

10-86 

Linolin . 

I 

77-90 

11-16 

10-94 

Ricinolein 


73-39 

11-16 ! 

16-45 


Mixed Triglycerides. 

Formula. 

Mol. W. 

Carbon. 
Per cent. 

Hydrogen. 
Per cent. 

Oxygen. 
Per cent. 

Stearodinalniitin 


834-82 

76-18 

12-32 

11-50 

Palraitodistoarin 

CvHvxiO, 

862-85 

76-49 

12-38 

11-13 

Stoarodiolcin 

C.'ylllOtP,; 

886-85 

77-13 

12-05 

10-82 

Oleodistcariu . 


888-86 

1 

76-95 

12-25 

10-80 


Oil or Fat. 


Carbon. 
Per cent. 

HydrogfUi. 
Per cent. 

Oxygen. 

Per cent. 

Linseed oil ^ 



76-80 

1 1 -20 

12-00 




77-80 

11-20 

11-80 

Rape oil ^ 



78-00 

1 1 -00 

11-00 



77*99 

12-03 

9-98 



78-20 

12-08 

9-72 

Finback oir-^ . 



77-91 

12-02 

10-07 



77-05 

12-05 

10-90 

Train oil ^ 


* ! 

I 76-85 

1 1 '80 

1 1 -35 

Cod liver oil “ . 



75-91 1 

12-22 

11-87 

Seal oil . 


* • 1 

77-10 : 

13 -.50 

9-10 

Horse fat ^ 


1 

77-07 : 

11-69 

11-24 

Lard ‘ 


! i 

76-54 

11-94 

11-52 

Beef tallow ’ . 



76 -.50 

11-91 

11 -.59 

Mutton tallow ' 



76-61 

12-03 

11-36 

Butter fat ^ 



7 5 -63 i 

11-87 

12 -.50 

1 



74-78 j 

11-46 

13-76 


Beckfnann,^ as also Normann^ attempted to d^erinine the mean 
molecular weights of oils and fats by the cryoscopic and ebullioscopic 
methods, but it was found that the molecular weights so obtained for 
the glycerides are not in accordance with those derived fi’om the saponi- 
fication values, as will be gathered from the following table due to 
Normann (cp. also Vol. III. Chap. XV. “ Polymerised Tung Oil ”) 

1 First analysed by Saussure in 1820, Annal. Vhim. et Phys, 13, 351 ; Rchulzo and 
Reinecke, Liehiy'a Annaltn, H2, 198 ; Konig, Ghemische, Zusammensetzuny tier Nuk- 
runysmiitel, etc., i, 199, 200, 429. 

^ Schacdler, 7'echnoloyie der Fette utul Ole, p. 750. 

® Fleischmaan and Warnibold, Xeits.f. Biolog. 50 (1907), 30.5. 

■* ForschungshericMe ilder Lebensmittel, 1894, i. 422 ; 1895, ii. 

6 Chem. Zeit., 1907, 311. 
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Oil. 

Saponiflc 

Value. 

Molecular Weight. 

Calculated, 

Found. 

Olivo oil 

190 

904-7 

834-1078 

Raiio oil 

180-6 

930-7 

699-9-993 -4 

Rape oil (nitrobenzene solution) 



911-1248 

Blown rape oil 

202-7 

828-8 

1042-825 

Castor oil 

185-2 

917-1 

691-501 


Curiously enough, Gustodis^ obtained by the cryoscopic method 
half the theoretical values in the cases of liquid a-a-dilaurin and liquid 
trilaurin. 

Later cryoscopic and ebullioscopic experiments were carried out by 
Held^ in a solution of (dry) ethylenedibromide. It was found in the 
case of the cryoscopic determinations that with the increase of the 
amount of substance the molecular weights increased, as will be gathered 
from the following table : — 


Cryoscopic Determinations of Molecular Weights in 
{dry) Ethylenedibromide 


Substance. 

j Molecular Weight. 

Ainoniit of Sub.stancc 
*mj)loyod. 


i 

Grins. 

Olive oil . 

829-5-948-5 

0-445 -2-2880 

Castor oil . 

. 1 827-8- 1063 

0-181 -1-6860 

Cacao butter . 

. 1 867 -1003 

0-.3637- 1-9686 

Japan tallow . 

927 -2284 

0-2640-0-9292 

Mutton tallow . 

. 1 870 -1267 

0-2590-2-4442 

Oleodistcarin . 

. ! 897-7-898-2 

0-1415-0-6224 

Triolein . 

. ! 895- 7-904-8 

0-3188-1-7091 

Oleic acid 

. j 425-5-587-2 

0-2196 1-2490 


Although in the case of oleodistcarin and triolein approximately 
correct numbers were obtained, much less satisfactory or, indeed, 
useless numbers were found in the other cases. Glycerides of saturated 
fatty acids and tlie higher saturated fatty acids exhibited such small 
solubilities that ethylenedibromide was found entirely unsuitable. 
Equally unsatisfactory results were obtained in ebullioscopic experi- 
ments, when ethylenedibromide was used as a solvent. This may be 
illustrated by the following table 


^ Inaug. Dutsert., Ziiricli, 1909. 

* Imug. Dissert., 1909, Liebertwolkwitz ; cp. also Dankworth, Inaug. Dissert,, 
1906, Leipzi^r. 
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Ehullioscopic Determinations of Molecular Weights in Ethylenedihromide 


Substance. 

Molecular Weight. 

Coiicfintration. 

Olivo oil . 

649-598 

Per cent 

M3-6-47 

Castor oil . 

768-643 . 

1-23-6-43 

Cacao butter . 

752-642 

1-46-8-28 

Japan tallow . 

806-643 

0-91-9-30 

Mutton tallow . 

670-556 

1 '.56-9 00 

Tristcarin .... 

75.5-683 

0-844-6-18 

Triolein 

822-700 

1-47 -6-79 

Tripalniitin . . . 1 

802-726 

0-925-6-28 

Stearic acid 

304-346 

0-976-3-26 

Oleic acid 

248-370 

0-931-7-76 

Balmitic acid . 

297-333 

0-876-3-62 


As an illustration of the practic^al application of these methods to 
a commercial product the following numbers, due to Held, may be 
reproduced : — 


Gryoscopic Determination of the Molecular Weights of Linseed Oil, 
Polymerised Linseed Oil, and their Fatty Acids, in Benzene 


Siibstivnco, 

Molecular Weight 

Weight of Substance 
employed. 

Oils — 


Onus. 

Linseed oil ... . 

699-8 (through 701-2 )-686-8 

0- 1482.2-0091 

Polymerised linseed oils 

1. By heating to 3i0“- 
315° C. for one hour 


1170-1196 

O-3557-1-3010 

11. By blowing with air 


at 310° C. for 3 hours 

1485-1527 

0-5591-2-2501 

Fatly Acids from — 


Linseed oil . 

545-6-561-2 

0-8270-1-6607 

Polymerised linseed oil 

836-2-849-2 

0-5521-1-8254 


The experiments undertaken by Heintz to obtr in pure stearin ^ 
from tallow by repeated crystallisation from ether did not, in his hands, 
lead to chemically pure substances. His method has been employed 
with greater success in the preparation of a number of mixed glycerides 
(described in Chap. I.). The first mixed glyceride was obtained by 
precipitating the ethereal solution of mkanyi f%t: by alcohol {Heise), 
Holde,^ in an examination pf olive oil, cooled thp ethereal solution to 
— 40° to - 45° C. Other methods for the resolution of oils and fats 
into their component glycerides are based on the crystallisation from 
a mixture of chloroform and ether (Fritzweikr), or from acetone,^ 

^ Pure stearin was first prepared by Ohevreul. , ' . 

2 Berichte, 1901, 2402. * Cp. Breda, German pateijt 144,89$#, . 
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{Klimont), or from a mixture of chloroform and acetone [Seitter^]. 
Kreis and Hafrier'^ then showed that it was impossible to obtain 
glycerides free from olein or from mixed glycerides containing oleic 
acid by mere crystallisation fi-om alcohol, etlier, benzene, and amyl 
alcohol.^ Olein so tenaciously adheres to the saturated glycerides that 
although the recrystalliscd glyceride retains its melting point unaltered, 
it still absorbs iodine. The impurity can, however, be removed by 
treating the glyceride with lluhVa solution (or with Wijs' solution) so 
as to convert the oleo-glyceride into its chloro-iodo-compound. The 
latter can then be more readily removed by crystallisation from benzene 
or alcohol, and finally from ether. 

.The foregoing methods appear to be full of promise for the successful 
resolution of the mixtures of glycerides, with which we have to deal in 
the natural oils and fats. Up to a few years ago hardly more than a 
beginning had been made. Recently, however, Bonier'^ worked out a 
method for the identification of pure glycerides which is based on the 
exact determination of the melting point. The individuality of a 
glyceride can be established by recrystallising a substance in such a 
manner that only so much of tlie solvent at a low temperature is em- 
ployed that by far the largest portion of the substance separates, and 
by continuing the recrystallisation twenty or tliirty times until no 
more crystals separate. If it be found that both the glycerides dissolved 
in the several mother liquors and the crystals obtained therefrom have 
in each case the same melting point, the assumption is justified that a 
chemical individual has been obtained.^ 

Bomer found that a mixture of two molecules of tristearin and one 
molecule of tripalmitin can be easily resolved into its constituents by 
crystallisation from ether ; also a mixture of one molecule of tristearin 
and of two molecules of tripalmitin can be resolved, although not quite 
so readily, into its constituents. 

In the case of mixed glycerides, however, which, as stated already, 
form the preponderant portion of most oils and fats, the problem offers 
very great difficulties. This becomes obvious if we remember that, 
e.g., assuming that no other fatty acids than palmitic, stearic, and 
oleic are present, in tallow we may a priori expect to find the following 
ten glycerides ; — 

Tripalmitin, tristearin, triolein, dipalniitostearin, dipalmitoolein, 
palmitodistearin, ^ palmitodiolcin, palmitostearoolein, distearoolein, 
stearodiolein. 

For examples of the most tedious and very laborious work entailed 
in the crystallisation of natural fats until pure products are obtained 
the reader must be referred to Bomer s papers in which the isolation of 

^ Zeits.f. Uaters. d. Nahrgn- n. UemiHsm., 1908, xv. 486. ^ Ikrichte, 1903, 1126. 

* Cp. also U. Okada, Ghcm. Zeit., 1908, 1199. 

^ Zeits.f. Unters. d. Nafirgs- u. Oenussin., 1907, xiv. 90; ibid.., 1913, ixv. 321. 
Cp. also Chap. I. p. 35, and Chap. V. p, 317. 

* If the unsatiirated glycerides have been removed by iodochloride, the absence of 
halogens in the tinal product must be ascertained. 

® ZeiU. /. Unters. d. Nahrgs- u. Genussm., 1907, xiv. 97 ; 1908, xv. 82 ; 1909, 
xviL 356. 
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tristearin, palmitodistearin, and dipalmitostearin from tallow and the 
isolation of stearodipalmitin and palmitodistearin from lard is 
described. 

The melting point of the crystallised glyceride is first determined 
in a melting-point tube (cp. Chap. V. p. 319). After the substance has 
melted, the thermometer, with the attached melting-point tube, is 
taken out of the sulphuric acid and immersed immediately — for about 
ten seconds — in water at the temperature of 15° C. The thermometer 
and melting-point tube are then placed in another sulphuric acid bath 
at the ordinary temperature ; the bath is immediately heated. As 
soon as the sulphuric acid has reached a temperature within a few 
degrees of the “ point of transition,” the source of heat is removed and 
the temperature observed carefully whilst the sulphuric acid is stirred 
constantly. That temperature at which the substance in the melting- 
point tube has become translucent, or perfectly transparent, is noted 
as the “ point of transition.” When the temperature of the sulphuric 
acid bath rises further, the substance becomes more and more cloudy 
and at last com])letely opaque. As the source of heat has been removed 
(as described above) the temperature will only rise about 5° above the 
“ transition point,” and then begins to fall. After the temperature has 
been allowed to fall to about the “ transition point ” — whicli requires 
some five to ten minutes — the sulphuric acid bath is again heated with 
constant stirring, and the point is now observed carefully at which the 
substance becomes completely clear and liquid. This point is con- 
sidered to be the “ melting point ” of the glyceride which has solidified 
from the once melted substance. For a number of diagrams illustrating 
the changes in the appearance of the substance during these observa- 
tions, the reader must be referred to the original papers.^ 


{b) Fractional Distillation of Glycerides 

The glycerides of the lower fatty acids can be fractionally distilled 
in a complete vacuum without undergoing decomposition, as has been 
shown first by Chevreul. 

On distilling laurel oil in a complete vacuum Krafft ^ found that at 
260°-275° C. a product was obtained, melting at 43° C. and yielding 
after crystallisation from alcohol a substance melting at 45° C. and 
agreeing in its elementary composition with trilaurm. On distilling 
nutmeg butter in the vacuum of the cathode light, a distillate was obtained 
between 290°-300°, solidifying at 53° and melting after recrystallisation 
from alcohol at 55°. Elementary analysis showed that the substance 
consisted of trimyristin. In both cases impurities had been removed 
by the process of recrystallisation. Inasmuch as laurel oil and nutmeg 
butter consist preponderantly of glycerides of lauric acid and myristic 
acid respectively, the pjoportion of mixed triglycerides in the natural 
fats cannot be large ; hence intra-molecular changes as may be expected 

^ Zcits.f. Untere, d. Nahrga- u. (Jmussm., 1907, xiv. 97 ; 1909, xvii. 363. 
a Berichte, 1903, 4343. 
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in the case of natural oils and fats, consisting preponderantly of mixed 
triglycerides, cannot have occurred. 

On subjecting Ja'pan wax to the same process, palmitin underwent 
decomposition. Inasmuch as Kraffi ascertained that pure tripalmitin 
distils in the vacuum of the cathode light at 310'^-320° C., it may be 
conjectured that the other constituents of Japan wax (dibasic acids, 
etc. ) were the cause of the failure to obtain pure tripalmitin by distilla- 
tion. 

It would, therefore, seem that whereas pure tripalmitin, as also pure 
stearin and olein {Chevreul), can be distilled without decomposition in 
vacuo, that the impurities in natural oils and fats are largely con- 
tributary to secondary products being formed. 

As an analytical method the fractional distillation of such fats as 
tallow, etc., would seem to be a hopeless method. Very much better 
I’csults are obtained by fractional distillation of the niethylesters of the 
fatty acids (see below). 


B. Examination of the Fatty Acids 

(a) Examination of the Volatile Fatty Acids 

The process desci-ibed in Chapter VIII. p. 629 permits to distil 
off all the volatile acids contained in and derived from natural oils 
and fats, and thus to separate them almost completely from the insoluble 
acids. 

The amounts of potassium hydrate required to saturate the total 
volatile acids in a number of oils and fats have been given in the table 
on p, 530. The neutralised distillate is then boiled down to a small 
volume, and the bulk of the volatile acids is liberated as an oily layer 
by adding to the solution of the potassium salts fairly concentrated 
sulphuric acid. In order to recover the last traces of the most volatile 
acids, the aqueous acid layer may again be subjected to distillation or 
may be extracted with ether. 

According to Liebig, the aqueous solution of the volatile fatty acids 
is divided into two equal portions. One part is exactly neutralised 
by caustic potash' ; the second part is then added, and the whole sub- 
jected to distillation. The acids of lower boiling points pass into the 
distillate, whilst the higher boiling acids remain in the distilling flask 
as potassium salts. Acetic acid, however, if present, also remains 
behind as potassium salt. By repeatedly treating both the distilled 
and the remaining acids in the same manner, pure fractions of the 
several acids are finally obtained. Liebig employed this method for 
separating butyric acid from a mixture of butyric and isovaleric acids, 
and, further, for isolating acetic acid in admixture with either of these 
two acids. Veiel, however, arrived at the opposite result, having found 
that isovaleric acid distilled over, whereas butyric acid remained behind. 
Lichen (by stating that Liebig's method is not accurate) partly con- 
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firmed VeieVs results, and effected an approximately satisfactory 
separation by partially neutralising the mixture of acids, when the 
higher acids could be distilled off, whilst the lower acids remained 
behind as salts. Wechsler} applying Liehen's method to equivalent 
amounts of two acids, examined the following mixtures : formic and 
acetic ; acetic and propionic ; acetic and butyric ; acetic and isobutyric ; 
propionic and butyric ; butyric and caproic. The mixed acids were 
neutralised with four-fifths of the theoretical amount of alkali, and 
distilled as long as the distillate was found to be acid. The remaining 
salts were then treated with an amount of sulphuric acid sufficient 
to liberate exactly three-fifths of the fatty acids, and distilled again. 
The last fifth was finally obtained by acidulating the residue and 
subsequently distilling it. The first fraction was found to contain the 
higher acid,^ and the last fraction the lower acid, in an almost pure 
state. The mixture of butyric and isovaleric acids, however, could not 
be separated by this method, a result at variance with the statements 
of both Liebig and Veiel. Crossleg^'^ again, could not obtain such 
satisfactory results as W echsler's statements led to expect. On distilling 
fermented wool-scouring liquors, A. and P. Buisine^ found that the 
volatile fatty acids with a higher number of carbon atoms distilled 
over first. 

Edenmeyer and Hell •'* proposed to separate the several volatile acids 
by fractional saturation with silver carbonate. The acids, having a 
higher boiling point, are precipitated first. 

Fitz^ showed that by mere fractional distillation of the free acids 
in a current of steam, if care be taken to replace the water as it is 
distilled off, a separation can be effected, the aidd of higher molecular 
weight passing over first. This result has been corroborated by Hecht 
(cp. also Chapter 111.^). 

The examination of the volatile acids has received a new impetus 
through the methods of Muniz and Condon, and of Polenske (Chapter 
VIII.). It is therefore advisable, in the examination of the volatile 
fatty acids, to separate them into soluble volatile acids and insoluble 
volatile acids, as detailed above (Chapter VIII. p. 532). Further 
important suggestions as to these examinations are contained in papers 

* Journ. Sue. CheM. fml., 1894, 179 ; cp. also Sorel, ibid,, 1896, 15 (543), 143. 

“ Cp. Analyst, 1907, 201. « 

* Proc. Chem. Soc., 1897, 21. * Chem. Centr., 1898, 23. 

Liebig if Annal. 160. 296, footnote. “ Jki ichte, 11. 46. 

" Liebig’s Annal. 209. 319. 

^ For furtlier inforinatioii the reader may bo referred to papers by Duclaux [Ann. 
Phys. Chirn., 1874 [5], 2, 289 ; Ilaberland (Zei<5./. anal. Chem., 1899,217) ; ChSpman 
[Analyst, 1899, 114) ; Holzmann [Arch. d. Pharm., 1898, 409) ; Crossley and Le Sueur 
[Journ. Chem. Soc., 1897, 162) ; Crossley, ibid., 1897, 580 ; Muspratt, Journ. Soc. 
Chem. Ind., 1900, 207 ; Schutz, Zcits.f. anal. Che'in., 1900, 77 ; 0. Jensen, Aimuairc 
agricole de la Suisse, 1904 ; Lasserre, Arm. Inst. Past, 1907 (21), 829, adversely 
criticised by Hodgson, Analyst, 1909, 435, and by C. A. Keane and P. Narracott, 
ihul., 1909, 436 ; R. K. Dons, Zeits. f. Unters. d. Nahrgs- u. (Jenussni., 1908, xv. 
75, xvi. 705 ; A. Faucon, Corngd. rend., 1909 (148), 38 ; J. Effront, Seventh Intern. 
Cong. Aypl. ('hem., Sect. iv. Al, 83, London, 1909 ; (J. Seliber, Compt. rend., 1910 
(150), 1267 ; F. Edelstein and F, v. Csonka, liiochem. Zeits., 1912 (42) ; K. Lang- 
held and A. Zeileis, Berichte, 1913, 1171. 
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by Kirschner} 0. Jensen,^ K. Jetisen,^ and also by Wijsman and Reijst.^ 
These methods may perhaps lead to the quantitative determination of 
caprylic acid in the form of its silver salts/** 


(h) Examination of the Non-Volatile Fatty Acids 

The separation of the saturated from the unsaturated acids described 
Chap. VIII. p. 538 is not a quantitative one, as has been pointed out 
already. It appeared likely that by repeating the extraction of the 
lead salts in which the saturated acids preponderate, lead salts free 
from unsaturated acids might be obtained. Tliis was, however, not 
borne out in the case of a specimen of linseed oil fatty acids examined 
in the author’s laboratory. The fatty acids of the insoluble lead salts 
had the iodine value 22-34, and formed 8-0 per cent of the total fatty 
acids. After passing the solid fatty acids for a second time through the 
lead-salt-ether process, 7-5 per cent of solid acids, which still absorbed 
19-2 per cent of iodine, were obtained. 

Experiments made by the author with a view to removing the 
unsaturated acids by converting them into chloro-iodo-compounds have 
not led to satisfactory results. 

The solid saturated adds can be further separated by fractional 
precipitation, of their alcoholic solutions (saturated in the cold) with 
alcoholic solutions of barium or magnesium acetate in the hot {Heintz ’’). 
At first the magnesium salts of the higher fatty acids separate, then 
those having a lower number of carbon atoms. Each precipitate is 
filtered off, the free acetic acid in the filtrate is neutralised witli ammonia, 
and then a fresh quantity of magnesium acetate is added. If the latter 
no longer produces a precipitate, it is in some cases possible to obtain 
a further precipitate by adding a concentrated aqueous solution of 
barium acetate. 

FebaV used as a precipitant an alcoholic solution of lead acetate. 
Every fraction is then decomposed by hydrochloric acid, and the 
fatty acids of the same melting point are united. The several fractions 
are repeatedly subjected to the same process until pure substances 
result. A fraction may only then be looked upon as a chemical indi- 
vidual, if its melting point is not altered by further recrystallisation, 
and if by furthei 'fractional precqiitation with magnesium acetate, acids 
having identical melting points are obtained. Elementary analysis 


^ /. Uniers. d. Nahrgs- u. Geniissm., 1905, ix. 65. 

Ibid., 1905, X. 266. ® Phanneevtisk Tidende, 1903, 385. 

^ Zeils. /, (Inters, d. Nahrg.%- u. OVwma's?h,, 1906, xi. 267. 

® Cp. Lewkowitsch, .Jahrbuch der Chemie, xiv. p. 437 ; Vol. II. Chap. XIV. “Cocoa 
Nut Oil,” “Butter Fat”; Vol. III. ‘'Margarine.” For “ Baryta Value” cp. Second 
Edition of this work, 1898, p. 158; Ave-Lallemant {Zeds. f. (Inters, d. Nahrgs- u. 
(jenussin., 1907, xiv. 317). For “ Cadniiuin Value” cp. Paal and Amberger, ibid., 
1909, xvii. 45 ; Liihrig, Pharm. Zeidralb.^ 1909 (50), 441. For Zinc Salts cp. Bremer, 
Forschungsherichte, 1897 (iv.), 6; Paal and Amberger, Zells. /. (Inters, d. Nahrgs- u. 
(lenvssm. , 1909 (xvii. ), 45. For “ Ethylester Value ” see p. 666. For “ Lauric-iuyriatic 
Value” cp. W, Arnold, Zeits. f. (Inters, d. Nahrgs- u. Oenussm., 1907, 164, 

® Journ. f. prakt, (Ihcm., 1855 (66), 1. Liebig’s Annal. 91. 138. 
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of the acid or of its silver salt would confirm that a chemical individual 
has been reached. 

It is evident that pure acids can only be arrived at by frequent 
repetition of the fractional precipitation. The quantitative isolation of 
the individual acids by this method must, however, be considered as 
being altogether out of the question. 

Experiments made by Hehier mid Mitchell ^ on mixtures of palmitic 
and stearic acids with a view to ascertaining the usefulness of sucli 
methods for analytical purposes, furnish an approximate idea as to how 
far separation can be effected. Pure stearic and palmitic acids were 
mixed in the proportions stated in the following table, and precipitated 
with such quantities of aqueous barium acetate solution, as were 
sufficient to precipitate the stated amounts of stearic acid : — 


Separation effected by Precipitation of Mixed Stearic and Palmitic 
Acids with Aqueous Barium Acetate 


Sleavic AouL ! 
Oims. 

rahnitic Acid. 
Gnii.s. 

Bat iiim AccUto 
added .suUiciciit 
to precipitate 
Stearic Acid. 
Onus. 

Stearic Acid iti 
I'recipitato. 
I’er cent. 

1 

1 

1 

71-7 

1 

2 

1 

62-8 

1 

3 

1 

27 '9 

1 

3 

1 

30-9 

05 

0-5 

0-6 

62-7 

1 

1 

0*5 

46-6 


On precipitating the filtrates in a similar fashion, it not infrequently 
happened that the second fraction contained a larger proportion of 
stearic acid than did the first fraction. 

Similar experiments with aqueous solutions of magnesium acetate 
and alcoholic solutions of lead acetate gave no better results. 

Kreis and Uafner ^ suggest to determine in a mixture of stearic 
and palmitic acids, first, the amount of stearic acid by the method 
described p. 556, and then to dissolve the mixed fatty'acids in so much 
alcohol that on cooling to 0° C. the palmitic acid (the amount of which 
is calculated by difference) remains in solution. After allowing to 
stand for twelve to fourteen hours in an ice-chest, they filter off and 
crystallise the residue on the filter twice from alcohol ; the crystals so 
obtained are judged to be pure stearic acid. The filtrate, which only 
contains 0-12 grm. of stearic acid per 100 c.c., is evaporated down to 
half its volume, and mixed with so much of an alcoholic magnesium 
acetate solution as is required for precipitating the dissolved stearic 
acid. After standing for twelve to fourteen hours at the ordinary 


Analyst, 1896 , 318 . 


3 Berichte, 1903 , 2766 . 
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temperature, the precipitate is filtered off and the fatty acids are 
recovered from the filtrate. Kreis and Hafner found them to melt at 
60^^ C. The acids are next dissolved in so much alcohol that they do 
not crystallise out at the ordinary temperature, and one-third of the 
previously used amount of magnesium acetate is then added. After 
repeating this operation once more and recrystallising from alcohol, 
pure palmitic acid of the molting point 62-3“ C. was obtained. Kreis 
and Hafner are of the opinion that tliis process, in which the bulk of 
the stearic acid is removed at the outset by simple crystallisation, is 
more expeditious than Heintz's method. 

Berg} as also Fahrion} suggest the separation of palmitic acid from 
stearic acid by means of acetone. 

The above-suggested methods apply to a mixture of two acids only. 
Holde ^ has shown that whilst the separation of two acids such as stearic 
and palmitic, or arachidic and palmitic, can be effected by Heintz's 
method, the results become very uncertain when three acids are present. 

Fractional distillation of the mixed solid acids, with a view to 
isolating the individual acids, did not lead to satisfactory results ; noi- 
did ciystallisation from alcohol prove of advantage, cliieliy because 
small amounts of ethylic esters arc formed {E. B. IloUaml ^). 

The resolution of the mixed liquid fatty acids by means of fractional 
distillation in the vacuum of the cathode light ^ has been resorted to by 
F. Kraffl.^ Such a vacuun\, for the measurement of which a mercury 
gauge can no longer be used, can be obtained without difiiculty by the 
employment of a Baho vacuum pump. The boiling points of fatty 
acids recorded in Chapter III. have been determined by means of this 
apparatus. 

Bedford^ however, showed that the separation of the unsaturated 
fatty acids of linseed oil cannot be effected by fractional distillation 
in vacuo. Thus an experiment yielded three fractions which had 
respectively the iodine values 201-1, 203-8, 20G-6. 

The somewhat complicated contrivance described by Krqfft may 
be advantageously replaced, in a technical laboratory, by a combination 
of two apparatus (Fig. 58 and Fig. 59), designed by the author^ for 
fractional distillation in vacuo. As they have been found very con- 
venient in daily use, they may be recommended to laboratories having 
a vacuum pipe provided with several taps. 

A finely drawn out tube is soldered in the distilling flask (Fig. 58). 
The tube is fitted on its outer end with an india-rubber tube and a 
screw-clamp, by means of which a current of air or of an indifferent 
ga& can be drawn in, whilst at the same time the pressure is regulated 

1 Chem. Zeit., 1908, 779. ^ Zeits. f. angew, Chem.y 1909, 771. 

* Berichte, 1905, 1250. 

* Journ. Ind. Eng. Chem., 1911, 170 ; cp. also Vol. II. Chap. XIV. “ Almond Oil ” ; 
“Apricot Kernel Oil.” 

» Berichte, 1896, 1316, 2240 ; 1899, 1623 ; 1903, 1690. 

8 Berichte, 1883, 1726 ; 1889, 816 ; 1895, 2583 ; Joum. f. prakt. Chem., 1909 (80), 
242 ; cp. also Fisclier and Harries, Berichte, 1902, 2168 ; E. Erdmann, 1903, 3456. 

’ Journ, Chem. Soc., 1889, Trans. 860. 
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accurately. By means of this contrivance it is also feasible to prevent 
frothing of the liquid. Nozzle a of the adapter (Fig. 59) is fitted to a 
Liebig condenser ; h and c are connected by india-rubber tubing with 
two taps of a vacuum pipe. On starting the distillation, the distilling 
flask, the adapter, and the conical receiving flask are exhausted through 
h and c, whilst the stopcock d remains open. When the first fraction 
has distilled over, tap d and the vacuum tap connected with c are closed. 
The receiving flask is thus shut of! from the vacuum pipe, and is filled 
with air by disconnecting the india-rubber tubing from c. The flask 
can be taken of! easily and emptied, or replaced by another, whilst the 
distillation proceeds without interruption. When the receiving flask 



Fig, 58. ''-O- 

is fitted on again it is exhausted through c, as before, and then connected 
with the distilling flask by opening tap d} 

A much more promising process than the fractional distillation of 
the fatty acids themselves is the fractional distillation of the methylic 
and ethylic esters of the fatty acids.^ 

Haller ^ fractionates the methylesters ^ obtained by “ methanolysis ” 

^ For similar adapters cp. Jierichte, 1887, 1833 ; Bedfor<l, Inaug. Dissert., Halle a/S, 
1906 ; Chem. Zeit., 1908, 487. Fremidlicb, Chem. Ze.iL, 1908, 820, suggests replacing 
the adapter and receiver shown in Fig. 59 by a pair of interchangeable adapters, thus 
following closely the device which is employed in works where distillation in vaenn is 
carried out. A. Hahn, Berichle., 1910, 1725 ; J. Campbell Brown, Proc. Chem. Soc., 
1910, 149 ; cp. also Chem. Zeit., 1909, 27 ; ZeU.f. amjevK Chem., 1909, 15. 

Cp. Third Edition of this work, 1904, p. 422. 

* Compt. rend., 1906 (143), 694. 

* H, Meyer and A. Eckert {Monatsh., 1910, 1232) prepare the methylesters by 
heating the lithium salts of the mixed fatty acids with thionylchloride and extracting 
the chlorides thus obtained with boiling methylalcohol. 
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(see Chap. II. p. 100) under ordinary pressure up to a temperature of 
194° C. (which is the boiling point of methyl caprylate) and beyond 
194° C. in vacuo. The fractional separation proceeds satisfactorily up 
to methyl lauratc ; beyond that the separation becomes less complete, 
especially as the esters of the higher saturated acids — myristic, palmitic, 
stearic — always retain oleic ester. This method has been applied to 
the investigation of castor oil, linseed oil, cocoa nut oil, cotton seed oil, 
Japan wax, and Cay-Cay fat (cp. Vol. II. Chap. XIV. under the headings 
of these oils and fats). 

The method is carried out as follows (Haller ^) : — 500 grms. of fat 
are mixed with 625 grms. of absolute methyl alcohol containing 2-5 
per cent of hydrochloric acid and 850 grms. of ether. The mixture 
is heated under a reflux condenser for twelve hours. After cooling, the 
liquid is treated with barium carbonate in order to neutralise the free 
acid, and is then washed with brine in order to remove glycerin and 
the excess of methyl alcohol. The ethereal layer is next dried over 
calcium chloride, and warmed in order to distil oS the'ether. The 
remaining methylesters are then fractionated in vacuo. The residue 
remaining in the llask is a black solid mass ; in various operations 5-30 
grms. of this residue were obtained. The different fractions are cooled 
below the freezing point, so as to recover solid esters which arc retained 
by the liquid esters, in the form of crystals. 

Unfortunately the boiling points of the methylesters of the un- 
saturated acids lie so closely together, that the esters cannot be separated 
from each other by fractional distillation, as will be seen from the 
following table detailing the result of a fractional distillation of those 
methylesters of the cotton seed oil fatty acids which boil above 200° C. 
at a pressure of 18 mm. : — 


Fraction, 

iioiliiiy Point. 

0. 

Pressuro, 

Quantity obtained 
from 53.5 Grams 
of Oil. 

[(xllne Value. 

I. . 

Up to 201-5 

16 nun. 

8 grams. 

77-13 

11. . 

201 ’6-204 

16 ,, 

9 

101-19 

III. . 

204-207-5 

16 

20 „ 

123-51 

IV. . 

207 ’6-210 -5 

16 ,, 

83 „ 

130-87 

V. . ^ 

210’5-214’5 

16 ,, 

11 „ 

123*83 

VI. . • 

Above 211-5 

16 „ 

2 M 

107-23 




133 „ ^ 



As an examjile of an examination of cod liver oil acids by this 
method, the table published by Bull ^ may be reproduced : — 


’ Chmpt. rend., 1908 (146), 260. 

- The iodiiiG values of the inethylesteivs of oleic, linolic, and linolenic aeida are 
respectively 85*8 and 172' 8 and 260. 

* Bull, lierichte, 1906, 3570. 
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Fraction 
up to * 0. 

Per cent. 

Sai)oni- 

tication 

Value.! 

Iodine 

Value. 

Fmetion 
up to “ C. 

Per cent. 

Saponi- 

llcntion 

Value. 

IcKline 

Value. 

161-5 

0-45 



203-0 

1-18 

195-2 

86-2 

163-0 

2 00 

229-5 

9-5 

202-5 

2-10 

196-5 

97-6 

165-0 

1-00 

227-8 

9-2 

205-0 

3-88 

189-9 

101-8 

170-0 

0-65 

221-5 

26-1 

206-0 

17-00 

188-1 

100 -6 

1750 

0-90 

216-2 

39-4 

210-0 

2-25 

186-8 

123-4 

177-5 

0-35 

214-4 

44-8 

212-5 

0-65 

182-8 

143-3 

180-0 

0-90 

211-4 

62-2 

215-0 

0-65 

181-2 

158-2 

183-5 

2-40 

209-2 

63-3 

217-5 

1-25 i 

179-0 

168-7 

185-0 

4-05 

207-1 

62-2 

220-0 

1-20 i 

176-0 

167-4 

186-0 

7-48 

204-6 

57-2 

223-0 

5-12 

174-0 

156-2 

187-0 

1-83 

206-5 

.50-5 

225-0 

9-26 

173-2 

152-2 

188-0 

1-37 

204-6 

50-2 

227-5 

0-66 

170-2 

1.55-7 

190-0 

1-69 

202-5 

56-8 

230-0 

0-88 

167-8 

144-0 

192-5 

0-91 

201-1 

64-5 

235-0 

0-90 

163-2 

143-6 

195-0 

0-44 

199-2 

59-3 

239-0 

1-30 

160-4 

138-4 

197-5 

^ 0-76 

197-3 


240-0 

1 

3-52 

159-8 

130-0 


For experiments made by Tsujimoto with methylcsters of fatty acids 
from marine animal oils cp. ^ Vol. II. Chap. XV. 

Fendler^ suggested, for the detection of small quantities of cocoa 
nut oil and palm nut oil in butter fat, to distil the ethylesters under 
ordinary pressure up to 300*^ C., on the assumption that only the esters 
of the lower fatty acids, up to and including the ethylestcr of myristic 
acid, would distil over. The volume of the esters obtained from 85 
grms. of fat are measured. Thus butter fats gave from 2-5 to 6*1 c.c., 
palm kernel oil 37 c.c., and cocoa nut oil 40 to 42 c.c. For the minute 
details which must be observed in the carrying out of this method so as 
to obtain comparable results, the reader is referred to the original paper. 
It is hardly likely that this method, which has been specially designed 
for the rapid detection of an admixture of palm nut oil or cocoa nut oil to 
butter, will supersede other proved methods (see Vol. II. Chap. XIV. 
“ Butter Fat ”). Fendler proposes the name “ distillation value ” for 
the number of c.c. of ethylesters obtained. It need only be added 
that Fendler saponifies in the cold according to Henriques’ directions 
(see p. 106), substituting, however, alcoholic potash for alcoholic soda. 

I 

Krafft and his collaborators consider, as the best method for the 
identification of fatty acids having a high number of carbon atoms, 
the conversion of the fatty acids into their corresponding hydrocarbons, 
the chemical and physical characteristics of which can be determined 
readily. The method consists in mixing thoroughly one part of acid 
with five parts of dry, finely-powdered barium hydroxide and then 

^ The sapoaificatiou values of the methylcsters of myristic, palmitic, oleic, gadoleic, 
and enicic acids are respectively 231*4, 207*4, 189*2, 172*8, and 160*9. 

* Cp. also Chem. Revue, 1913, 8. 

^ Mitt. a. d. Pharm. Jnstitut der Univ., Berlin, 1908. The author states that the 
method was worked out in 1903. Cp. also J. Hanus and F, Petrik, Chem. Zeit. Rep., 
1907, 205. 
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distilling in vacuo. Thus erucio acid, C22H42O2, yields heneicosylen, 
^21^425 boiling at 201°-202° C. under 12 mm. pressure, and melting at 
about + 3° C. ; from it is obtained a dibromide which wa^s reduced by 
means of hydriodic acid and red phosphorus to normal heneicosane 
melting at 40° C. The usefulness of this method has been especially 
demonstrated in the investigation of the dibasic acids occurring in 
Japan wax (see Vol. 11. Chap. XIV.). 

For the detection and examination of the highly unsaturated 
fatty acids in cod liver oil, Bull ^ proposed fractional crystallisation 
of their sodium and potassium salts from alcohol and ether. He thus 
obtained fatty acids, the high iodine values of which (322 and 347) 
indicated the presence of acids belonging to the scries (cp. 

Vol. II. Chap. XIV. “ Cod Liver Oil ”). For further information the 
reader must be referred to the original paper, since Bull himself contro- 
verts, and throws doubts on, some of his ovm results.^ 

Tortelli and Fortini suggest the determination of the lemperature 
at which the separation of crystals of sodium salts of the liquid fatty 
acids, takes place with a view to recognising individual fatty acids 
(cp. Chap. III. p. 131, footnote 1). The observations made by them 
were added to the table given above, Chap. VIII. p. 553 ; in view of 
the great uncertainty attaching to this suggested method, the reader 
must be referred to the original.^ 


C. Examination of the Unsaponiflable Matter 

The exhaustive examination of the unsaponifiable substances 
demands the preparation of considerable quantities so that the separa- 
tion of the sterols from the hydrocarbons and other unsaponifiable 
substances can be carried out effectively. J’he first step consists in the 
treatment by the digitonin method or in treatment with low boiling 
petroleum ether at a low temperature, whereby the sterols and aliphatic 
alcohols can be freed from the bulk of the resinous and colouring sub- 
stances. 

From the mixture of sterols and aliphatic alcohols the individual 
alcohols may be isolated by first crystallising fractionally their benzoic 
or acetic esters. • The latter are easier to distil than the original sub- 
stances, and can therefore be more effectively resolved into fractions. 
The indications given in Chap. IX. will assist the analyst in working out 
a suitable rnodus operandi. 

‘The petroleum ether insoluble substances represent frequently a 
viscous liquid, which has been resolved, in some cases, into its com- 
ponents by fractional distillation. Matthes and his collaborators have 
devoted attention to this subject, but hitherto, owing to the difficulty 
of the problem, which naturally varies with each different oil and fat, 

» Ohem. Zeit., 1899 , 996 ; 1043 . 2 Ibid., 1900 , 814 . 

* Cfiem. Zeit., 1910 , 690 . 
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a general method has not been worked out. As an example may be 
given the following table, detailing the results of the fractional distilla- 
tion of the liquid portion of the unsaponifiable matter from cheiranthus 
oil {Matthes and Boltze ^). 


Fraction. 

lodiiifi Value. 

Ilcfractive Index at 

40“ C. 

I. Up to 160° C. 

1930 

1-4910 

II. 160-205 

89-4 

1-4734 

III. 205-210 1 

119-6 

1-4900 

IV. Re.sidue 

112-1 

1-5105 


* Arch. d. rhariit., 1912, 250, 211 ; cp. also Matlhes and Ilehitz, ibid., 1909, 247, 
161 ; Mattlios and Dahle, ibid,, 1911, 429. 
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